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STATE INDICATORS OF SCIENCE AND MATHEMATICS EDUCATION: 
PRELIMINARY REPORT ON COURSE ENROLLMENTS AND TEACHERS 

Many o^' the education policy initiatives of state legislatures and state boards of education 
in the 1980's were aimed at improving the quality of elementary and secondary education 
through upgrading state standards. The policy initiatives included increasing graduation 
requirements, revisihg state curriculum guidelines and frameworks, upgrading teacher certif cation 
requirements, and developing and revising student assessment tests. Now, at the end of the 
1980's, and the beginning of the '90's, there are several kinds of responses to the state reforms. 
Researchers are analyzing the effects of the reforms on education in elementary and secondary 
schools. Many states have expanded their systemr for assessing, monitoring, and reporting on 
schools, teachers, and students. 

The Council of Chief State School Officers (CCSSO) established the State Education 
Assessment Center in 1985 to coordinate the development, analysis, and use of state-level data 
and charged the Center with implementing an education indicators model for reporting state-by- 
state data. The indicators model has three components: a) educational outcomes, b) state 
educational policies and practices, and c) state context. State indicators of student outcomes can 
be analyzed by indicators of state policies and educational practices, accounting for differences 
in state demographic and fiscal characteristics. 

Since 1986 CCSSO has received support from the National Science Foundation to develop 
and report on indicators of science and mathematics education. There are two major goals for 
the "State Scier.ee/Math Indicators Project": 1) to improve the quality and usefulness of data on 
science and mathematics education to assist state policymakers and program managers io making 
more informed decisions, and 2) to develop a system of indicators that provides the capacity for 
state-to-state comparisons of science and mathematics education as well as a national database 
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to assess the condition of education in these subjects. 

The state science/math indicators were selected and developed with states through a 
planning process. Three major steps were included in the process: a) development of a 
conceptual framework paper (Blank, 1986), which reviewed recommendations on needed 
indicators of science and mathematics education (e.g., National Science Board, 1983; Raizen and 
Jones, 1985; ShavelSon, et al, 1987; Mumane and Raizen, 1988; Oakes, 1986) and outlined "ideal 
indicators" for science and math at the state level; b) a survey of state departments of education 
to determine the availability of data on science/math education and to identify state interests in 
indicators (Blank and Espenjhade, 1988b), and c) an advisory panel reviewed the available data 
and the ideal indicators and recommended a set of "priority indicators" upon which the CCSSO 
Project should focus its efforts. The indicators were selected in six categories (Student 
Outcomes, Instructional Time/Enrollment, etc.). For each recommended indicator, the best source 
of -^te^y-state data was identified, e.g., "NAEP" or "STATE DATA." 

SCIENCE/MAT H INDICATOR DATA SOimCE 
Student Outcomes 

STUDENT ACfflEVEMENT NAEP 

STUDENT ATrrrUDES/INTENTIONS NAEP 
InstnicdoMl Time/Fjimllm»nt 

GRADES 7-12 COURSE ENROLLMENT STATE DATA (CCSSO) 

ELEMENTARY MINUTES PER WEEK Schods/Staffing Survey 

(NCES) 

Cuiriculum Contem 

STUDENl^' "OPPORTUNITY-TO-LEARN" NAEP 
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School Conditions 

CLASS SIZE by Subject/Course 



Schools/Staffing Survey 



or 



NO. of COURSE PREPARATIONS PER TEACHER State Data (Avaibble in some 

states) 

C3URSF OFFERINGS PER SCHOOL 



Teachers 

COURSES/CREDITS IN SCIENCE/MATH 



Schools/Staffing Survey 



TEACHING ASSIGNMENTS BY FIELD/SUBJECT STATE DATA (CCSSO) 
By Age, Gender, Race/Eihnicity 



TEACHING ASSIGNMENTS BY 
CERTinCATION HELD/SUBJECT 
(Number of Teachers Out-of-Field/Unceriified) 



Equity 

GENDER AND RACE/ETHNICITY 
by Student or Teacher Indicator 



STATE DATA (CCSSO) 



STATE DATiV (CCSSO) 
(where available) 



During the 1988-89 school year, states reported data to CCSSO on several indicators of 
science and mathematics education, including secondary course enrollments and teacher 
characteristics. The data were collected by state departments of education using regular 
state-designed systems for collecting information on teachers and student enroll^.^nts. States 
aggregated data for all secondary students and reported state totals to CCSSO using common 
definitions and reporting categories that were determined by a task force of state education 
representatives and project staff. CCSSO plans to implement biannual reporting by states on the 
science/math indicators. With data from succeeding cycles there will be an opportunity for 
analyses of trends in science/math indicators for individual states and for state-to-state and state- 
to*nation comparisons. 

This report is a preliminary analysis of state-by-state data from 1988-89. During the 
1989-90 school year, the states are reporting data on the same indicators, and a repoil will be 
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produced in fall 1990* The present report has two chapters: Chapter 1 addresses the use of state 
course enrc'.lment as an indicator of curriculum in science and math, and Chapter 2 addresses the 
use of state data on teacher characteristics to analyze issues of teacher supply and demand. 



Summary of Findings 

o Mathematics Enrollments; Among the reporting states, an average (state median) of 79% 
of students take Algebra ? over four years of high school, an average of 55% take 
Geometry, and an average of 7% Uke Calculus. In 1988-89, in th^ average state, 82% 
of high school students were taking a math course, and almost one-third of the enrollment 
was in General Math or Pre-Algebra courses. 

o Science Enrollments: Among the reporting states, an average (state median) of 
43% of students take Chemistry over four years of high school, 19% take Physics, 
and 14% take an advanced Biology course. In 1988*89, in the average state 71% 
of high school siudents took a science course, and one-third of t^e total were 
taking first-year Biology and one-third either Earth, Physical, or General Science. 

o The report describes ranges among the states in enrollment rates fok^ specific types of 
science and math courses in grades 9-12, enrollments by student gender, and analysis of 
general vs. applied science courses. 

o Science/Math Teachers* Age. Sex. Race/Ethnicitv; Demographic data on teachers show 
that the median state percentage of Math teachers under age 30 is 14% and the median 
percentage over age 50 is 16%; for Biology teachers, the median percentage under 30 is 
11% and the median percentage over 50 is 17%. 

o The number of male and female science/math teachers differs widely— for example, the 
percentage of female Math teachers varies from 20% in Minnesota to 76% in Texas, and 
the percentage of female Chemistry teachers ranges from 6% in Hawaii to 79% in Texas. 

o All states have a significantly lower proportion of minority science and math teachers 
than the proportion of minority students in the state. Representation of minority groups 
among science Math and Biology teachers is similar to the minority representation among 
all secondary ^eachers in most states, while Chemistry and Physics typically have greater 
proportions of white teachers. 

o Teacher Certification: The proportion of Math teachers who are teaching **out of field" 
varies by state from 0% to 32%, the proportion of Biology teachers who are teaching "out 
of field*" varies from 0% to 39%, and the proportion of Physics teachers teaching **out of 
field** varies from 0% to 76%. 
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Chapter 1 

STATE-BY-STATE INDICATORS OF COURSE ENROLLMENT IN SCIENCE 

AND MATHEMATICS 

One of the key issues in analyzing state policy reforms is the effect of state reforms on 
curriculum content that students receive. Questions have been rai5ed about the reforms' effects 
on the amount of instruction, the quality of curriculum, and the proportion of students receiving 
a high quality curriculum. A second issue in analyzing state reforms is how curriculum change 
should be evaluated. Questions have been raised about the levels of the education system at 
which curriculum should be analyzed, measures that are appropriate for determining change, and 
how state-by-state comparisons can be made. 

This chapter presents fmdings from an analysis of state policies on graduation 
requirements and curriculum using state data on course enrollments in mathematics and science. 
The results inform the more general question of the condition of science and mathematics 
education in our schools. 



STATE POLICIES AND CURRICULUM IN MATHEMATICS AND SaENCE 

The curriculum for elementary and secondary education has been a central focus of 
education reforms in the 1980's. Curriculum content was specifically identified in many national 
commission reports that focused on mathematics and science education (National Commission 
on Excellence in Education, 1983; National Science Board Commission on PrecoUege 
Mathematics, Science, and Technology Education, 1983; Task Force on Education for Economic 
Growth, 1983; Twentieth Century Fund, 1983). The poor performance of American students on 
international assessments in science and mathematics and the relatively low amount of instruction 
in these subjects for the average American student were frequently cited in the reports as 
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evidence of the fundamental problems in our schools, and as a rationale for prooosed education 
reforms. 

In A Nation at Risk (1983). the National Commission recommended that three 
mathematics and three science courses be required for high school graduation. The Commission 
also recommended making science a "new basic" in elementary school. TTie report of the 
National Science Board. Educating Americans for the lUt P^nf.ry (1983), recommended more 
time and resources for mathematics and science education, advocated teaching "science literacy" 
for all students, and outlined core mathematics and science knowledge and thinking skil.s that 
students should learn in school. One of the consistent themes across the vanous national reports 
was the need for students to gain scientific literacy and for schools to increase the level of 
mathematics and science instruction for all students. 

Many of the state reiorms in the 1980's were aimed at setting higher standards for the 
amount of mathematics and science instruction in schools. From 1980 to 1987. 43 states 
increased mathematics co-rse requirements for graduation and 40 states increased science 
requirements (Education Commission of the States, 1985; Blank and Espenshade. 1988a). By 
1987. 26 states had a state policy giving direction or recommendations to schools on the amount 
of time to be spent on elementary science and mathematics (Blank and Espenshade. 1988a). 

A second area of state reforms related to curriculum has been in developing and revising 
state curriculum guidelines or frameworks. A 1987 survey of state departments of education by 
CCSSO showed that 38 states had a state curriculum framework which "establishes goals or 
standards for instruction" for mathematics and 38 states had a framework for science (Blank and 
Espenshade. 1988b). In some states the curriculum frameworks set a required curriculum for 
districts, while in others the frameworks are used by districts as goals or instructional objectives 
for development of local curricula. 
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Third, state policy initiatives In the 1980's increased the capacity of states to assess 
student learning through state assessment programs. Statewide student assessment tests have 
become a predominant method by which states monitor curriculum and instruction in schools, 
and assessment programs have increased the responsibility of state departments of education for 
educational accountability (Fuhrman, 1989). In 1984, 34 states had state achievement assessment 
tests in math and'tS states in science (CCSSO, 1984). By 1988, 43 states had achievement 
assessment tests in mathematics and 28 states in science (CCSSO, 1989a). 

STUDIES OF STATE REFORMS AND CURRICULUM 

The studies of the International Association for Evaluation of Education Achievement 
(lEA) refer to three levels of curriculum --"intended," implemented," and "achieved" curriculum 
(McKnight, et al, 1987). These terns for characterizing levels of curriculum will be used in this 
paper to analyze the relationship of state policy reforms to the intended and implemented 
curriculum. 

Intended Curriculum. One research approach has been to identify and analyze changes 
in policies related to curriculum. Goertj- (1986) conducted a 50-statc analysis of state education 
policy changes and intensively studied the implementation process in four states. The Education 
Commission of the States (ECS) tracked changes in state graduation requirements (1985) and 
identified state curriculum reforms in all 50 states related to science, math, and computer science 
(1987), CCSSO annually reports on state policies in a variety of areas in its state-by-state 
education indicators (1989b). 

Studies have also examined the content of state curriculum frameworks or guidelines. 
Freeman (1989) analyzed the integration of approaches to teaching higher order skills in state 
frameworks and the means by which state education agencies have tried to implement them in 
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scho-Dls. Aji ECS study of the process of implementing new curriculum frameworks for science 
education in three states identified the steps the states have taken to move curriculum reforms 
from the intended to the implemented curriculum (Armstrong and Davis, 1988). A study 
conducted for the Southern Regional Education Board by Reilly and Gersh compared the content, 
goals, and sta-'dards for achievement in state curriculum guides (SREB, 1989). 

Implemented Curriculum. Recent research on state reforms has analyzed course offerings 
and student participation in relation to state policies. Student enrollments in courses in specific 
subject areas is one possible indicator of the extent to which curriculum is being implemented 
in schools. Policy Analysis for California Education (PACE), a consortium of university 
scholars, conducted a study of change in course enrollments related to California policy changes 
in graduation requirements (Qgampang and Guthrie, 19£3). The Center for Policy Research in 
Education (CPRE), supported by the U.S. Department of Education, studied district 
implementation of curriculum reforms in science and math in six states, and analyzed student 
course taking in science and mathematics (Clune, 1989). 

The number of students taking a given type of course does not give sufficient information 
to determine the curriculum content that is taug-ht, but the data do provide a useful indicator of 
the extent to which students receive instruction in a subject aiea, such as science and mathematics 
(Muraane and Raizen, 1988). Rates of course enrollments in subjects can provide a very useful 
indicator for policymakers and educators in assessing curriculum trends at national, state, district, 
and school levels. 

A more in-depth approach to analyzing state curriculum reforms and the implemented 
curriculum involves identifying the curriculum content or topics that are actually taught in 
schools and classrooms. One method of measuring curriculum content at the classroom level is 
through an "opportunity-to-leam" survey with teachers and students, as used in EA studies (e.g.. 
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McKnight, ct a!.. 1987). With data on students' opportunity-to-leam the curriculum topics 
included in achievement tests, the implemented curriculum can be related to student achievement 
scores. A new study of methods of evaluating state education reforms finds that wide variation 
in course content among classrooms, schools, and districts results in course enrollment being an 
inadequate measure of curriculum content. The study recommends alternate methods of 
Analyzing curriculum content (McDonnell, et al, 1990). 

This report focuses on the use of course enrollment data to analyze science and 
maihematics education. This approach is taken with the assumption that course enrollraeni is not 
a measure of curriculum co-itent, but that these data can provide useful policy and program 
indicators of the implemented curriculum. 

DESIGN FOR STATE-BY-STATE DATA ON COURSE ENROLLMENT 

A 1987 CCSvSO survey of 'tates produced 50-statc information on state policies related 
to science and math education, state curriculum frameworics and guidelines, state assessment 
program-, and state data on course enrollments and other indicators. The survey results provided 
the basis for determining the availability of data from states on the selected priority indicators. 

In the survey, state departments of education were asked to identify any data being 
collected on the implemented curriculum in districts, schools, and classrooms. Relatively few 
states reported having a method of directly monitoring the curriculum content being implemented 
in science and mathematics. Four different methods were identified (Blank & Espenshade, 
1988b): 

o 12 states reviewed school curriculum in science and mathematics, either through 
accreditation, site visits, or approval of new courses. 

o 4 states conducted surveys of teachers, either during the accreditation process, through 
site visits, or with student assessments. 
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o 4 states observed classrooms, either during accreditation, with teacher appraisals, or 
in site visits 

0 7 states collected data on opportunity to learn in a subject or course, either through 
one-time studies, student assessments, or site visits. 

These results are consistent with other recent research on the states' role in evaluating the 
curriculum being implemented in schools and classrooms. Fuhrman (1989) found that while state 
departments of education have increased their role in education accountability and compliance, 
most do not have a method of evaluating the implementation of curriculum in districts and 
schools other than state tests. A study of state accountability systems found that state tests of 
student learning have become the dominant method of accountability (OERI, 1988). 

The CCSSO survey also showed that over two-thirds of states collect data on student 
enrollments in secondary courses in science and math. The Science/Math Indicators Project 
selected course enrollments as one of the priority indicators. A plan was developed for state 
reporting of data on course enrollments, and in the 1988-89 school year states reported these data 
to CCSSO for the first time. Data were collected by state departments of education (as of 
October 1, 1 988) using regular state-designed information systems, and states reported totals to 
CCSSO using common definitions and reporting categories that were determined by a task force 
of state education representatives and picj%t staff. 



USES OF STATE COURSE ENROLLMENTS AS INDICATOR OF CURRICULUM 

National-level data from transcripts of representative samples of high school graduates in 
1982 and 1987 show that course enrollments in science and math increased in the 1980's (ETS, 
1989; Kolstad and Thome, 1989). For example, the percent of graduates who took physics 
increased from 14 to 20 percent; the percent who took Algebr^i II increased from 35 to 46 
percent In this period, the average number of credits earned in math increased from 2.4 to 2.98 




and the average number of credits in science increased from 119 to 2.63 (ETS, 1989) vhich is 
an increase of half a credit in each subject. These increases appear to affirm that higher state 
graduation requirements did produce increased study in science and mathematics, particularly 
since many of the states raised graduation requirements from 1983 to 1985 effective for the class 
of 1987. 1988 or 1989. 

Statc-lcvcl studies show that increases in course enrollments are related to state policies 
but the increases vary by course level. The PACE study (Cagampang and Guthrie, 19s8) in 
California found that increased requirements for graduation produ'^ed enrollments increases of 
27 percent in science, ! percent in math, and 21 percent in foreign languages. In the same 
period, enrollments in vocational courses and other electives declined. The CTRE study showed 
that rates of course taking increased following reforms, but the largest increases were in lower- 
level science and math courses (Qune, 1989). 

The state-by-state data reported to CCSSO for 1988-89 allows analysis of policy questions 
concerning state reforms as well as more general analyses of the condition of science and 
mathematics education in our secondary schools. Several of the key questions are analyzed in 
this paper. 

1. What level of science and math courses are high school students 
taidng to meet state graduation requfarements? 

To address this question, the state data are analyzed in two ways. First, in Tables 1 and 
2, data are presented on enrollments in /our courses that might be considered benchmarks of 
student participation in secondary math and science. In Tables 3 and 4, the total state 
enrollments in science and math during one year are presented to show the aggregate enrollments 
at several course levels. 

The four math courses shown in Table 1 were selected to show enrollments at various 
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levels and to compare state percentages with results from the 1987 National Transcript Study 
(Westat, 1988; Kolstad & Thome, 1989). The transcript study reported the following percentages 
for the four math courses: 

Algebra 1 76% Geometry 62% 

Trigonometry 19% Calculus (incl. AP) 10% 

Table 1 shows that 79% of students iu the average (median) state take a "Formal Math 
Level 1" course, such as Algebra 1, over their four years of high school.* The state percentages 
vary from 47% in Hawaii to 98% in Louisiana and Montana. An average of 55% of students 
take Formal Math Level 2 (e.g.. Geometry), with state percentages varying from 28% in 
Wyoming to 86% in Louisiana. The wide variation in percentage of students taking courses at 
Formal Math Lev ils 1 and 2 (Algebra 1 and Geometry) can be attributed to a number of fectors, 
including differences in state requirements for graduation and variation by state in proportion of 
districts and schools offering Formal Math courses as opposed to Review and Informal Math 
courses. For example, Hawaii has 47% of students taking Algebra 1, but almost all students take 
a Review or Informal Math course during high school (see Table 3). The high percentages taking 
Formal Math Levels 1 and 2 in Louisiana can be attributed to a state policy requiring that 
Algebra 1 and Geometry be passed for high school graduation. 

State percentages for some courses are affected by the degree of precision in the match 
between state categories and the CCSSO reporting categories. For example, Louisiana was not 
able to report "Basic Geometry" (under Informal Mathematics, Level 2) separately from "Plane 

' The course enrollment repc .ting plan divided mathematics courses into three categories- 
Review, Informal, and Formal Mathematics. Within each category, courses were assigned a level 
from 1 to 5. This method of categorization allows comparison of mathematics enrollments 
among states using a standard taxonomy (OCSSO, 1988). 
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Geometry" under Formal Math Level 2. Thus, the 86% figure includes both levels of Geometry. 
TBasic Geometry" was reported by 14 states, varying from 1% in Nevada to 33% in Wisconsin. 
The National Transcript study did not distinguish between two levels of Geometry.) 

The percentage of students taking a Formal Math Level 4 (e.g., Trigonometry) course 
varies from 15 percent in Arkansas to 39% in North Dakota, and the percentage taking Level 5 
(e.g.. Calculus) varies from 3% (several states) to 14% in Pennsylvania. The state medians for 
mathematics are very similar to the national averages from the 1987 Transcript Study. The state- 
by-«tate data confirm the findings from the 1982 and 1987 transcript studies showing the effects 
of state reforms on increasing enrolknents in mathematics. 

The state percentages of high school students taking five selected science courses are 
reported in Table 2. The percentages for the corresponding categories from the 1987 Transcript 
Study are: 

Earth Science 14% Physical Science 35% Chemistry 45% 
Physics 20% AP/Hono/s Biol. 3% 

Earth Science and Physical Science are generally lower-level high school science courses that are 
typically taken in 9th grade io order to meet a state or district science requirement. The median 
state percentages of 18% for Earth Science and 38% tor Physical Science are similar to the 
national average. State enrollments vary widely-for Earth Science from no enrollment to 86% 
(Virginia) and for Physical Science from no enrollment to 100% (North Dakota). Different state 
curriculum mandates or guidelines for high school science have a stiOng effect in determining 
which of these courses (or General Science) are taught For example, Virginia has strongly 
emphasized teaching of Earth Science and the emphasis is reflected in student enrollments. 

The state medians for Chemistry (43%) and Physics (19%) are very close to the national 

" 17 



figures. These averages show that state enrollment data confirm the findings of the national 
transcript study on increases in science enrollments during the 1980's. The range of state 
percentages for Chemistry is from 27% (Wyoming) to 56% (Virginia), acd for Physics the range 
is from 10% (Oklahoma) to 29% (New York). The Advanced Biology enrollments reported by 
states (median of 14%) includes more second- year Biology courses than just the Advanced 
Placement and Hon6rs Biology reported in the Transcript Study (3%). The high enrollments in 
second-year Biology in states such as Mississippi, Montana, Missouri, and Oklahoma indicate that 
schools and districts in these states offer students more opportunities for continued study in 
biology and it is likely that students meet state requirements through concentrating on biology 
and life science study. 

In Table 3, state data on math enrollments provide analysis of the relative level at which 
students took Mathematics during the 1988-89 school year. A state percentage in this table 
represents the proportion of all students in grades 9-12 that took the course during one year. 
Math course enrollments are aggregated in four course levels: Review and Informal Math (e.g.. 
General and Vocational Math. Pre-Algebra, Basic Geometry^ Formal Math Level 1 (Algebra 1), 
Formal Levels 2-5 (Geometry through Calculus), and Other Math. 

Among the 29 reporting states an average of 82% of students were taking Math courses 
in October 198a An average of 25% of students took a Review or Informal Math course; an 
average of 21% took Formal Math Level 1 (e.g.. Algebra 1); and an average of 34% of high 
school students took a Fomial Math course at Levels 2 through 5 (e.g.. Geometry, Algebra 2, 
Trigonometry, Calculus). In Iowa, Louisiana, Minnesota, Nebraska, North Dakota, and 
Pennsylvania, 40% or more of high school students took a more advanced math course, while 
less than 30% took an advanced math course in Alabama, California, Delaware, Hawaii, 
Montana, Nevada, Wisconsin, and Wyoming. 
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Tabic 4 shows the percentage of grade 9-12 students that were taking science courses as 
of October 1988. The science course enrollments are aggregated in four categories: a) Earth, 
Physical, or General Science; b) First-year Biology, c) Chemistry, Physics, or Second-year 
Biology, and d) Other Science. The average percentage of high school students enrolled in a 
science course was 71%. An average of 25% took a first-year Biology course and 24% took an 
Earth, Physical, or General Science course. Thus, half of all high school students, and ovei two- 
thirds of those taking science, were taking a science course to meet their graduation requirement 
at the first two course levels. Twenty percent of students were taking a more advanced science 
course. In Alabama, Indiana, Kentucky, Minnesota, Mississippi, and Virginia the mote advanced 
science courses (second-year Biology, Chemistry, and Physics) were taken as frequently as either 
of the categories of lower level courses. 

Considering the state-by-state rates of student course-taking in science and math raises 
a question about the relationship of these rates to state policies. 

2. Do stales with higher requirements for graduation have more 
students taking seienee and math? 

Table 5 shows a cross-tabulation of the percentage of students taking math courses by the 

number of math course credits required for graduation. State math requirements were divided 

into two categories for purposes of analysis-estates requiring 3 course credits vs. states requiring 

2 credits. Each colunm shows the total percentage of students taking math and the percent taking 

Formal Math Levels 2-5 (i.e.. Geometry, Algebra U, Trigonometry, or Calculus courses). The 

median percentage for all math enrollments among states requiring 3 credits is 90%, while the 

median among states requiring 2 courses is 80%. The median percentage for enrollment in more 

advanced math courses is 36 to 38% while the median for states with 2 courses required is 33%. 




nic number of credits that states require appears to have a strong relationship to total math 
• enrollment in a state (average difference of 10%), and a positive, but less strong, relationship to 
the level of courses that are taken (average difference of 3 to 5% for enrollments in advanced 
math courses). 

In Table 6, the percentage of high school students taking science courses is cross-tabulated 
by state graduation requirements for science. Among the 29 states that reported data, seven 
require one course or have no state requirement (local policy). The median total percentage 
taking science among the seven states is 69%, and the median for advanced science courses is 
22% of students. Eighteen states require two science courses and two states require fhree 
courses. Among these 20 states the median percentage for total science enrollment is 71% and 
the median for advanced science courses is 20%. These data indicate a weak relationship 
between number of science credits required for graduation and the rate of students taking 
secondary science courses. It is possible that the number of states (7) in the low requirement 
category is too small for meaningful comparisons of category averages. 

In sum, states that increased the graduation requirement in mathematics in the 1980's from 
two to three courses have higher enr->llments in mathematics. Course-taking is also higher for 
these states in more advanced courses, but the differ nee from other states is smaller. The data 
also indicate a 2-credit reqi'irement in science docs not yield higher science enrollments as 
compared to those states with a l-credit requirement or no state requirement. 

3. Have state rerorms increased student enrolbnents in basic or lower- 
level science and math courses? 

The state-by-state data can provide further evidence related to the findings of the CPRE 
'ind PACE studies concerning the effect of higher state course requirements on the types and 
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level of courses students take in science and math to meet the requirements (Cagampang and 
Guthrie. 1988; Quue. 1989). One way of viewing this issue is whether state curriculum reforms 
have the effect of expanding existing curriculum and instruction in science and math to more 
students, or have the effect of increasing the proportion of students that take more basic, lower- 
level courses to meet the requirements. However, another view is that regardless of the level of 
difficulty students are likely to learn more science and mathematics by taking more courses, even 
if the courses are less rigorous (NASSP. 1989; Raizen and Jones, 1985). For an analysis of 
curriculum, trends in student enrollments in basic or applied courses is an important indicator of 
the effects of state policies even though interpretations of the indicator may differ. 

In the analysis of state data on enrollments, it was noted that one-fourth of high school 
students were taking General Math or Pre-Algebra (i.e., lower-level) math courses in 1988-89, 
and about one-fourth were taking a lower-level science course in Earth Science, General Science, 
or Physical Science. It is also possible to more closely examine ihe level of science courses 
students were taking in other science fields. TTie CCSSO courts taxonomy and reporting 
definitions include separate categories for "applied" vs. "general" first-year courses in Biology, 
Chemistry, and Physics. This distinction reflects a strong interest of state science supervisors in 
the use of the state indicators to track the level of courses students are taking to meet science 
requirements. 

A "general" first-year course in Biology, Chemistry, and Physics is the traditional first- 
year course in these fields, typically a broad survey course that introduces the field to students 
but also is aimed at students planning to pursue fiirther study in science. An "applied" course 
is a more basic course emphasizing central principles, concepts, and applicaUons, and typically 
is aimed at students who are not planning further study in science. 

In Table 7, state-by-state data are reported on student enrollments in applied and general 
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courses in first-year Biology, Chemistry, and Physics, ihere is wide variation among sutes that 

reported data in each subject. For example, ihe state percentage of first-year Biology enrollments 

in applied courses varies from 44% (Delaware) to 1% (North Carolina, Mont-, a); the percentage 

taking applied Chemistry varies from 39% to .3%; and the percentage taking applied Physics 

varies from 44% to 1%. These comparative data on enrollments by state provide an initial 

indicator of the extent to which lower-level, "applied" courses are being taken by students, and 

the extent to which schools are offering the courses. However, many states do not include the 

uifferent course levels in their data collection, and thus state-by-state analyses are limited. 

A question that can be pursued further is how state course titles are allocated to the 

categories of "general" vs. "applied." The example of first-year Biology will be used to examine 

this question. The CCSSO taxonomy defines first-year "General" Biology as: 

...a first level course which uses the knowledge of scientific principles and 
concepts in the context of living systems to understand how these living systems 
interact with each other. 

First-year "Applied" Biology is defined as: 

...a first level course which uses the knowledge from biological principles and 
concepts in a concrete and practical way to understand everyday societal problems. 
Relates to the basic knowledge of humankind as its primary focus. 

The state course titles included under "General" and "Applied" Biology are listed in Table 8. All 

18 of the states listed a course entitled "Biology I" or "General Biology" under the CCSSO 

category of General Biology. Thus, witb'd a district or school there may be wide variation in 

course content, but there is relatively little variation among states on courses included in this 

category. Ihe course categories in Alabama, Delaware, Indiana, and New York do include both 

college preparatory and non-college bound General Biology couises. 

Among the states reporting Applied Biology courses, one listed "Introductory Biology" 

and eight listed "Life Science." Life science and introductory biology courses are often taught 
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in the seventh or eighth grade, but not to all students. Applied biology in high school may be 
providing instruction in basic concepts or initial laboratory instruction to students who are taking 
a first biology course. Three states indicated that the courses taught in the Applied Science 
category were geared toward students who were not on a college preparatory track. Alabama 
noted that the Applied Biology course was a "basic course" using a "simplified" approach. 
Delaware listed courses in the Applied Biology category that were the same as those taught in 
the GcD'jral Biology category, but the "applied" courses were those targeted to average or below 
average students. Indiana offered a variety of courses under the "Applied Biology" heading that 
were "designed for students who could find it more beneficial than Biology Level I.** Other titles 
in the Applied Biology category are: Animal Science, Animal Behavior, Plant Science, and 
Health. 

The review of first-year Biology course titles by level shows that states can divide courses 
by title into "general" vs. "applied" categories, as defined by the CCSSO taxonomy, and that the 
two categoiies have comparability across states. As more states see the value of making this 
distinction in their data collection, it will be possible to analyze course-taking trends with more 
specificity. The state enrollment data broken out by more course levels provide a better indicator 
of curriculum. However, the distinction of "general" vs. "applied" science courses, while useful 
as a policy indicator, is still limited as a measure of differences in course content. At the school 
and district level, there may be as much variation in content among General Biology courses as 
there is between General and Applied Biology courses. 

The present data show that in most of the states reporting general vs. applied science 
categories there is a substantial portion of students taking applied courses, especially in Biology 
and Physics. Trend data are needed to determine if enrollments in the applied courses are 
actually increasing. As the state scieuce/math indicators continue, OCSSO will be able to collect 
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data from more states and time-series data will become available. 

4. How docs course Uidng in science and mathematics differ between 
girls and boys? 

Results from tlit National Assessment of Educational Progress (NAEP) have shown that 
boys have higher scores than girls on the earth science, chemistry, and physics portions of the 
test, but scores for boys and girls are approximately equal on the biology portion of the 
assessment (ETS, 1988). On the NAEP in mathematics, boys consistently perform better on more 
complex mathematical procedures than girls (ETS, 1988). Given these findings from student 
achievement tests, it is important for policy analysts to track course enrollments for girls and 
boys in mathematics and science courses as a possible source of differences in student learning. 
The Science/Math Indicators Project requested that states report course enrollment data by student 
gender. For 1988-89, seven states were able to report course enrollments categorized by gender. 

State data on mathematics reported in Table 9 show that as course difficulty increases, 
the percentage of girls taking the course diminishes. For example, in Algebra I the ratio of girls 
to boys is evenly distributed. In Trigonometry all states except Hawaii report higher male 
enrollments than female enrollments. The disparity is larger in Calculus--for example. South 
Carolina reported that only 38% of the students taking Calculus were girls, and Wyoming 
reported that only 32% of those taking AP Math were girls. 

The data on science in Table 10 shows that across the seven states the ratio of giris to 
boys taking science courses was relatively equal in first-year Biology and Chemistry. For 
example, California reported first-year Biology had 49% girls, and first-year Chemistry had 50% 
giris. In Earth Science, Physics and advanced Chemistry courses, more boys were enrolled than 
giris. For example, in California, first-year Earth Science had 46% giris, first-year Physics had 
41% giris, advanced Chemistry had 42% girls, and advanced Physics had 43% girls. The 



exception is advanced Biology-for example, California had 55% girls in this course. This 
pattern is consistent across the reporting states. 

The results from the state data on course-taking by gender indicate that differences in 
student achievement scores between boys and girls in Mathematics, Earth Science, Chemistry, 
and Physics could be a result of significantly higher numbers of boys taking advanced courses. 
The pattern of state-level fmdings of enrollments by gender is very similar to findings from the 
1987 Transcript Study (Kolstad and Thome, 1989). Trend data at the state level would be 
important for analyzing gender differences particularly to determine if some states are able to 
make more progress in closing the gender gap. 

SUMMARY 

State-by-state data on course enrollments in science and mathematics provide on? kind 
of indicator of the -ffccts of state policies on curriculum. The results frona the initial year of the 
CCSSO state reporting system on science/math indicators show that state-collected data can be 
used to analyze patterns and trends among states in student course-taking. 71ie fmdfngs indicate 
that course enrollments can be a useful indicator for analyzing curriculum policies and the 
implementation of policies and programs in schools. State course enrollment data provide a 
measure of the implemented curriculum by showing the proportion of students receiving various 
types and levels of science and math curriculum. The data are not very useful for analyzing the 
content of courses being taught in schools. 

The findings show that state course enrolhnent patterns vary at each of the various course 
levels in science and math. However, the averages among the states confirm findings from 
national transcript studies on increases ii> course-taking related to state policy changes in the 
1980's. The analysis of state policies shewed that states with a three-credit course requirement 
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for mathematics have higher rates of course-taking in mathematics and slightly higher rates of 
course enrollment in advanced math courses as compared to states with lower requirements. 
States with a two-credit in science did not have higher rates of course cuicUments than states 
with lower requirements. 

The analysis of state data provided findings on the issue of the level of science and math 
courses that studenfc are taking to meet state requirements. In science, one-fourth of the high 
school iiudents in the average state took a first-year Biology course in 1988-89 and one-fourth 
took a course in Earth Science, Physical Science, or General Science. Twenty percent of high 
school students took a course more advanced than first-year Biology. Thus, the great majority 
of students in most states do not go beyond first-year Biology. Data from some states reveal that 
enrollments in basic or applied courses comprise up to a third of enrolhnents in first-year Biology 
and Physics. In mathematics, one-fourth of high school students in the average state took a math 
course below the level of Algebra 1 in 1988-89, 21 percent took an Algebra 1 course, and 34 
percent took a more advanced math course. Thus, even though total enrollments in more 
advanced math courses increased during the 1980's, a significant portion of students in the 
average state are taking math courses in high school which are below first-year Algebra, that is, 
courses offering the content of middle school or junior high school mathematics. 
The data ca course enrollments by gender from seven states showed that boys have higher rates 
of enrollment m Physics, Earth Science, and advanced mathematics courses, and enrollments of 
giris and boys are similar in other courses. 

The state-by-state data on science and mathematics reported in the paper are part of an 
ongoing system of education indicators being developed by the Council of Chief State School 
OfGcers. Additional cy cles of dau reporting by states aie expected to provide more complete 
data as well as providing the basis for trends analyses. 
^ 22 

ERIC " 2B 



Tabit 1 

PERCENTAGE OF HIGH SCHOOL STUDENTS TAKING SELECTED 
MATH COURSES OVER FOUR YEARS OF HIGH SCHOOL 
(P«retntaget Computed from 198849 D«ti) 
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Tabit2 

PERCENTAGE OF HIGH SCHOOL STUDENTS TAKING 
5^«!LECTED SCIENCE COURSES OVER FOUR YEARS OF HIGH SCHOOL 
(PtrctntagM Computed from 1988-89 Data) 
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Table 3 

PROPORTION OF STUDENTS IN GRADES 9-12 ENROLLED IN 
MATH COURSES IN 1988-89 BY LEVEL 
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Teble4 

PROPORTION OF STUDENTS IN GRADES 9-12 ENROLLED IN 
SCIENCE COURSES IN 1988-89 BY LEVEL 
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Table 5 



PROPORTION OF STUDENTS IN GRADES 9-12 TAKING MATHEMATICS 
COURSES BY STATE GRADUATION REQUIREMENTS 
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Table 6 



PROPORTION OF CTUDENTS IN GRADES 9-12 TAKING SCIENCE COURSES BY 

STATE GRADUATION REQUIREMENTS 
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Table 7 

ENROLLMENTS IN FIRST-YEAR BIOLOGY, CHEK..STRY, 
& PHYSICS BY GENERAL VS. APPLIED 



STATE 




BIOLOQY-ISTYEAR 






CHEIII8TRY.18TYEAR 




PHY8IC8-18TYEAR 


Total 


Qanaral 








Total 


Qanaral 






1 


Total 


Qanan 


il 




Alabm 


53.806 


•38.042 


71% 


15.764 


29% 


17.315 


16.939 


08% 


376 


2% 


10.300 


6.504 


64% 


3,756 38% 


CiNfofnte 


300,075 


201.640 


67% 


08.235 


33% 


97,208 


• 


• 


• 


• 


40,000 


• 


• 


• 


• 




6.566 


3.6S7 


58% 


^006 


44% 


^636 


2,146 


78% 


690 


24% 


1.300 


1.062 


61% 


247 


19% 




10.121 


6,574 


60% 


3,547 


38% 


4.267 


2,602 


61% 


1.666 


30% 


1.091 


1,110 


56% 


872 


44% 


Idnho 


13.224 


• 


• 


• 


• 


4.767 


• 


• 


• 


• 




1,966 


06% 


36 


2% 


illnoia^- 


120.534 


• 


• 


• 


• 


51.079 


50.524 


99% 


555 


1% 


2f .42 


• 


• 


• 


• 


Indiana 


70.556 


55.683 


79% 


14,673 


21% 


26.531 


26.067 


98% 


464 


2% 


13.314 


1^616 


06% 


496 


4% 




46.106 


45.643 


90% 




6% 


23.502 


• 


• 


• 


• 


13.086 


• 


• 


• 


• 


MiMMppt 


30.750 


34.066 


68% 


4.603 


12% 


16.492 


• 


• 


• 


• 


4,573 


• 


• 


• 


• 


MofUm 


7.576 


7.543 


90.9% 


35 


.9% 


4.061 


4,087 


90.7% 


14 


.3% 


2X90 


2,276 


99% 


14 


1% 




26.210 


20.348 


7M 


5.670 


22% 


10.845 


• 




• 


• 


5,334 


9,136 


96% 


196 


4% 


Ntvada 


0.229 


• 


• 


* 


* 


4.762 


• 


• 


• 


• 


1.805 


1,611 


89% 


194 


11% 


NtwMcxIeo 


25.280 


22.266 


66% 


3,023 


12% 


6.301 








• 


^434 


• 


• 


• 


• 




243.630 


106.924 


61% 


46,706^ 


19% 


100.537 








• 


47,444 


• 


• 


• 


• 


Nortti Carolina 


61.678 


61.632 


99.9% 


46 


.1% 


34.757 








• 


10,640 


• 


• 


• 


• 




0.102 


6.828 


97% 


274 


3% 


3.043 








• 


ai68 


2.134 


96% 


54 


2% 


Pannaylvania 


134.063 


11.048 


82% 


23.004 


18% 


63.513 








• 


34,184 


• 


• 


• 


• 


Soutfi Carolina 


44.331 


• 


• 


• 


* 


10.308 








• 


5.686 


4,741 


63% 


945 


17% 


Taxaa 


232,628 


177.034 


70% 


56,994 


24% 


80.134 








• 


24228 


• 


• 


• 


• 


Virginia 


70.683 


63.323 


90% 


7.380 


10% 


37.018 


32.684 


88% 


4.361 


12% 


16,316 


16.006 


96% 


312 


2% 


Wliconain 


56,568 


53.477 


04% 


3,080 


8% 


28,673 


• 


• 


• 


• 


13,626 


• 


• 


• 


• 


Wyoming 


4.460 


4.460 


100% 


* 


• 


1.798 


• 


* 


• 


* 


725 


633 


67% 


92 


13% 



^Stala doaa not eoNaet or J jinnot taport lor oalagory 

**&tlmaM from lotirii for 7-9 

♦Wnola data colaclad 1986^7 tchoolyaar NabraoM 

8oufco: StalaDapartnantiof Education, DalaonPuMe8ohooit.Firfl 1988. 
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State 

Alabama 

California 

Delaware 



Hawaii 
Indiana 



Viinneso ta 
Vlississig 
Vlontana 
Nebraska 
New Mexic o 
New York 



Tables 

State Course Titles for First-Year Biology: 
General Vs. Applied 



General Blolc 

CoUegc Preparatory Biology. Gen eral 
Biolc ~ 

Biology I (the first of two biology courses); 
Life Science A & B. Biology A, Biology 10 
Biology 1, Lab A & B. Bblogy BSCS, 
Biology X (course targeted at college prep 
and academic students. 

Biology I 

Biology Level 1 



General Biol 
General Bbl 
General B iol 
Biolog y 

Biology 

Biology (regents) General Biology (state group H) 
Biology flocal), Other Bio lc 
Biology I 



Texa s 
Virg 
Wiscons in 
Wyomii 





Biolc 
Bblc 



y, First Year. General 
y, First Year> General 



A[ 

Biology. Basic 

Life Science 

Life Sciences A& B. Biolo^A^" 
Biology 10, Biology 1, Lab A & B 
(courses targeted to general, 
average, or below average 
grade level students) 

Biology BSCS I, Biology BSCS-SM 
Plant and Animals 
Basic Biological Science, 
Practical Biological Science, 
Animal Science, 
Plant Science, 
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Table 9 

ENROLLMENTS IN MATHEMATICS BY GENDER 



STATE • 


T^tal 


Boys 


Formal 
Lovtll 
(Algobra) 




Total 


Formal 
Lavd2 
(Qoomotry) 
Boys 


Olria 


Califbmia 


270.851 


50% 




50% 


154,025 


49% 


51% 


H«wiui 


5.550 


46 




54 


3.867 


46 


54 


lllinoit4> 


103.371 


50 




50 


80.422 


49 


51 


lOWft 


30.177 


50 




50 


23.607 


49 


51 


South CaroUna 


28.676 


49 




51 


22.800 


47 


53 


Wisconsin 


50.1A4 


50 




50 


28,198 


49 


51 


Wyoming 


1.779 


54 




46 


1,068 


57 


49 



STATE 


Total 


Bova 


Formal 
Laval 3 
(Aloabra2) 

Qlrta 


Total 


Formal 
Uyal4 

(Tifgonomatry) 


Qlria 


CaJifomia 


130,271 


49% 




51% 


56.327 


53% 


47% 


Hawaii 


3.544 


47 




53 


2.166 


49 


51 


Illinois^* 


69.753 


50 




50 


29.117 


54 


46 


lows 


19.439 


49 




51 


13.113 


54 


46 


South Carolina 


21.667 


<7 




53 


10.146 


48 


52 


Wlaconain 


20.338 


49 




51 


14.154 


54 


46 


Wyoming 


1.534 


46 




52 


1.200 


53 


47 



STATE 


Formal Formal 
>-^' Lavol8,AdvPlaoa 
(Caioulua) (Caloulua) 
Total Boya OMa Total lUw* nin. 


CaHfomia 

liBnoia^ 
Iowa 

South CaroNna 

WiacoMki 

wyomlna 


23.338 56% 44% 
94 41 59 

10.824 56 44 

^S88 56 48 
607 62 38 

8.232 56 48 
237 54 46 


• * • 
186 54% 46% 

^804 59 41 

• • • 

1.148 51 49 

• • • 

146 68 32 



^Stala doaa not oolaot or cannol raport data far ^tagoiy 
♦School yaar1988-87 

Somt« O Uta Papaitiia n ta of Education, Data on Pubic Schoob, FaH 1988 
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Table 10 

ENROLLMENTS IN BIOLOGY, CHEMISTRY, PHYSICS, & 
EARTH SCIENCE BY GENDER 









BIOLOOY 














2ndYaar 


STATE 


Total 


nn 


itYaar 




(AP/OthorAdvanood) 


Soya 


Qlria 


Total 


Bow OIHa 




300.075 


51% 


48% 


34.764 


49% 55% 




10.121 


46 


52 


504 


34 66 




120,534 


46 


51 


14.616 


47 53 


\om 


37.534 


5r 


50 


3.197 


40 60 


South CaraNna 


44 331 


50 


50 


4.530 


44 56 


WIteonaJn 


58.566 


51 


49 


12.524 


47 53 




4.460 


52 


46 


1.011 


46 54 









CHEMISTRY 
















2iidYaar 




STATE 


Total 


PlfatYaar 






(AP/Othar Advanaad) 


Boya 


Qlrta 


Total 


Boya 


QMa 


Caiifomia 


97206 


50% 


50% 


6.676 


56% 


42% 


Hawal 


4.267 


44 


56 


147 


56 


42 




51.079 


49 


81 


4.931 


59 


41 


Iowa 


16.321 


50 


50 


• 


• 


• 


Soum Carolina 


19.396 


47 


53 


1.400 


96 


42 


Witeonain 


28.673 


46 


52 


8.294 


54 


46 


Wyoming 


1.766 


52 


46 


153 


52 


46 












PHYSICS 
















2nilYaar 




STA*kf 


Total 


FliatYaar 






(AP/OlharAdvanoad) 


Boya Qlria 


Total 


Boya 


Qlria 


CaUfomla 


40.900 


59% 


41% 


6.976 


57% 


43% 


KInoia*. 


25.342 


60 


40 


1.329 


72 


26 


HoMal 


1.961 


86 


40 


504 


34 


66 


\om 


9.402 


50 


41 


f 


• 


• 


Sout)Carelna 


8,666 


61 


30 


142 


75 


25 


Wiaeonain 


13J26 


60 


40 


Z642 


56 


42 


WVofnino 


728 


63 


37 


24 


79 


21 












EARTH S( 


eCNCE 










nratYaar 






Advanoad 




STATl 


total 


Boy» Qlria 


Toiai 


Boya 


QMa 


CMomia 


29.642 


54% 


4i% 


9»030 


51% 


49% 


IMnola*. 


28J84 


84 


^0 


3,106 


02 


36 


t M m 


130 


56 


44 


zoao 


86 


44 


loMa 


6,866 


53 


17 


zoao 


96 


44 


SoutftCarolna 


• 


• 




177 


66 


34 


Witeonain 


1Z628 


54 


41 


2,306 


80 


41 


Wyoming 


2.286 


56 


43 


86 


64 


36 1 



*8liia doaa not oolaet or oannol rapoit dala for ealagofy 
♦School yaar 1966-67 

Somoo: Stala Oaparlnritnti of Edueatton, Data on PiMe Seho^ 
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Chapter 2 

STATE-BY-STATE INDICATORS OF TEACHERS IN SQENCE AND MATHEMATICS 

This chapter presents an analysis of state-by-state data on the characteristics of teachers 
in science and mathematics. The data on teachers are cross-secticnal, but they are useful for 
considering issues in supply and demand of science and mathematics teachers. 
The chapter addresses three policy issues: 

1. the current numbers and allocation of science and math teachers by 
state and teaching subject/field, and projected demand for teachers in 
the 1990's: 

2. the problem of relatively low numbers of female and minority teachers 
in science and math; and 

3. the proportion of science and math teachers teaching "out-of-fleld," and 
the relationship to projected shortages. 

NEED FOR IMPROVED STATISTICS ON TEACHER DEMAND AND SUPPLY 

In 1984, Darling-Hammond reviewed data on science and math tea.,i.crs and predicted 
severe shortages in the 1990*s. Four reasons were cited: a) the number of teachers currently 
teaching "out-of-field," b) the low number of new entering science and math teachers, c) the high 
numbers of science and math teachers reaching retirement age, and, d) the high numbers of 
science and math teachers leaving teaching before retirement age. The National Science Teachers 
Association (NSTA) estimated in 19S4 that 30 percent of all secondary science and mathematics 
teachers are "completely unqualified or severely underqualified" to teach these subjects (Johnston 
and Aldridge). NSTA also found that in the 1982-83 school year 12 teachers left teaching for 
each newly trained science/inath teacher, and 40 percent of science and math teachers would 
retire by 1995 (Aldrich, 1983). Recently, researchers at the RAND Corporation projected that 
the total number of new science and math teachers that will need to be hired by 1995 is equal 
O 33 
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to the cuncnt teaching force in these subjects of about 300,000 teachers (Shavelson. et al. 1989, 
p.80). 

Several questions can be raised about the projections of shortages of science and math 
teachers. First, the shortage projected by NSTA in 1983 (40 percent will retire by 1995) is not 
any greater than the average yearly demand for teachers by 1995. NCES projections for teacher 
demand show that the equivalent of 10 percent of the total of about 1.1 million secondary 
teachers (110.000) will need to be hired in 1990. By 1995 the equivalent of 8 pv?rcent of the 
total secondary teachers will need to be hired each year. These projections take into account 
rates of turnover (retirement plus job change) and enrollment change. Thus, from 1990 to 1995 
the equivalent of approximately 50% of the total secondary teacher force will need to be hired. 

Second, th e is not current evidence that turnover of science and math teachers is as high 
as predicted in 1983. Recent NCES projections show a small increase in teacher turnover rate- 
from current 6% to about 8% in 1995 (NCES, 1989a> In science, higher turnover raf- ire 
specific to chemistry and physics teachers, and are not general to math and all science fields. 
Weiss (1989) conducted a follow-up survey with the secondary science and math teachers 
surveyed in 1985-86 and found that about 85 percent were still in teaching in 1988, which is a 
turnover rate of 5 percent National survey responses from principals on the difficulty of hiring 
teachers showed that over half the principals reported that physics and chemistry teachers were 
hard to hire (Weiss, 1987). Mumane, et al. (1988) analyzed the career patterns of science and 
math teachers in three states and found that attrition rates were higher among chemistry and 
physics teachers than among biology, mathematics, or history teachers. Chemistry and physics 
teachers had shorter periods of initial teaching years and were less likely to return to teaching 
than other teachers. 

Third, the hiring of teachers in science and math is not dependent on the number of new 
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7 ' % 

graduates of teacher education programs. A committee of the National Research Council 
studying statistics on teacher supply and demand reported that evidence from recent hiring 
patterns of school districts shows that a majority of new hires are from the "reserve pool" of 
teachers who left teaching and decide to return as openings increase (National Research Coi-sil, 
1987). 

Fmally, the evidence on the proportion of current teachers that are not qualified in their 
field of teaching is very mixed. National surveys of teachers show that a significant proportion 
of teachers are not qualified to teach subjects or courses to which they are assigned. However, 
the exact numbers vary with the measure of teacher "qualifications" that is used. The Carnegie 
Foundation for Advancement of Teaching found that an average of 20 percent of elementary and 
secondary teachers said they were "teaching subjects they were not qualified to teach," and states 
varied in percentage of non-qualified teachers from 12 percent (New Hampshire) to Utah (30 
percent) (National Center for Education Statistics, 198%). In a survey with a nationally- 
representative sample of science and mathfmatics teachers in 1985-86, teachers were a:>ked to 
report on their degrees and course preparation. The results showed that only 7 percent of high 
school math teachers were teaching "out-of-field," and a lower percentage of science teachcis 
were not trained in a science field. However, one-third of physics classes and one-fifth of 
chemistry classes were taught by a teacher not trained in those specific disciplines (Weiss, 1987). 

DESIGN FOR STATE INDICATORS ON SCIENCE AND MATH TEACHERS 

The review of existing data sources and the varying predictions concerning teacher 
shortages in specific teaching fields illustrate the need for improvements in capacity for making 
statistical projections at the national level. This need will largely be addressed with the results 
from the Schools and Staffing Survey being c&uwucted on a periodic basis by NCES. However, 
O 35 
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while national statistics and projections give a general picture, teacher shortages vary widely by 
state, region, and district. Education decision-makers are likely to want data on the status of the 
teaching force that are more specific to their situation, and one approach is to provide state-level 
statistics. The National Research Council committee on teacher supply and demand statistics 
recommended development of improved state-level statistics for specific fields in science and 
mathematics (1987). 

The OCSSO Science/Matii Indicators Project is beginning to address Uie need for better 
data on Uie teaching force at Uie state level. These data will help to identify current and 
projected teacher shortages in specific teaching fields, and highlight Uie demographic 
characteristics of tiie teaching force. TTiesc data might assist education policy-makers in 
determining strategies and programs for improving Uie teaching force, such as wiUi incentives 
to attract people to teaching in science and maUiematics. For example, Weiss' (1987) analys/s 
of national data on teacher characteristics showed Uiat minority and female science and math 
teachers are vastly under-represented considering Uie student population in our schools, and state- 
level data are needed on teachers in Uiese groups. 

The CCSSO Project advisory panel recommended Uiat teacher characteristics be 
aggregated and reported by sute departments of education, and Uiat Uie data should be collected 
and reported for one poim in time during a school year (e.g., October 1). The resulting state-by- 
state statistics would not provide projections of teacher demand and supply by state, but Uiey 
could provide reliable, valid comparative data on science/maUi teachers by state wiUiout high 
costs to states. Additionally, wiUi periodic reporting of teacher characteristics by state, trend 
analyses could be carried out 

State-level data on teacher assignments by state certification status is an important state- 
level indicator of teacher shortages. Knowing wheUier or not a teacher is certified for Uic courses 
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he/she is teaching does not provide a good measure of teaching quality or of the individual's 
preparation in the field (Mumane and Raizen, 1988). However, the proportion of teachers who 
are teaching "out-of-field" is a useful policy indica'tr because it is a quantifiable measure of the 
proportion of teachers in a district or state that do not meet basic qualifications. This indicator 
has often been used to identify current teacher shortages in science, math, and other subjects 
(Shavelson. et al, 1989). A major advantage of state daU on teacher assignments and 
certification is that the data can be computed from state administrative records and computerized 
data files, thereby alleviating the need for special surveys of teachers and use of data based on 
teacher self-reports. Since certification standards for each teaching field differ by state (Blank 
and Espenshade. 1988a). it is important to report state-by-state statistics on teacher certification 
along with information on stau.^' standards. 

To obtain comparable state-by-state data, a Project task force comprised of state specialists 
in science, mathematics, and information systems designed a plan for state reporting of teacher 
characteristics. The plan specified that teacher data be reporiCd according to percent of time 
teachers are assigned to mathematics, computer science, and six f elds of science. Two categories 
of percent of time were specified: a) teachers who have their "primary assignment" in a 
subject/field (i.e., at least 50% of teaching time), and b) teachers who have a "secondary 
assignment" in a subject/field (less than 50% of teaching time in the field). 

There are several reasons for reporting data on teachers by these two assignment 
categories. Firsn it is important to account for all teachers of science and mathematics, 
regardless of the number of courses or amount ot time they spend teaching science or math. 
Second, to analyze the condition of the teaching force in science and math it is important to 
differentiate between teachers who are assigned to a specific subject or field, e.g.. Biology or 
Physics, for the majority of the teaching day vs. teachers who may teach only one or two courses 
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in a subject or field. For example, in order to offer a course in Physics, a school district asay 
assign a teacher who is certified in Chemistry to teach the course because it is not possible to 
hire a full-time Physics teacher. That teacher may or may not also be certified to teach Physics. 
Thus, to analyze teacher certification data, the Project advisory panel recommended cross- 
tabulating certification by "primary assignment" vs. "secondary assignment," as well as cross- 
tabulating teacher age, sex, and race/ethnicity by the two assignment categories. 

USES OF STATE-BY-STATE INDICATORS ON SCIENCE/MATH TEACHERS 

In the first year of state reporting on science/math indicators, 39 states reported data on 
science/math teachers. In 1989-90 the same indicators were requested and CCSSO expects that 
all 50 states will report teacher data. The initial results can be used to address several policy 
issues concerning teacher supply and demand, and these results illustrate how these indicators 
of tf.2 teaching force can be used on a continuing basis. 

Distribution of Science/Math Teacliers 

State-by-state data on the distribution of teachers to science and mathematics fields are 
shown in Tables 1 and 2. Hie "Total" at the bottom of each column shows the sum by 
assignment category and all teachers for each subject or field. With data from all 50 states, 
national totals would be avr able. 

In Mathematics (Table IX the state4)y-state data show that two-thirds to three-fourths of 
math teachers in each state have their primary assignment (50% or more) in Mathematics. 
Exceptions to this pattern are in Arkansas (70 percent secondary assignment, or "part-time"X 
niinois (47 percent^ and Hawaii (46 percent). Smaller states, such as Montana, Nevada. South 
Dakota, and Utah, have more part-time Math i» .chers which comprise about one-third of all Math 




teachers in these states. In Computer Science, a majority of teachers are teaching Computer 
Science as a secondary assignment (less than 50% time). 

The state-by-state data on science teachers in Table 2 show that in 23 of 39 states a 
majority of Biology teachers have their primary assignment (50% or more time) in Biology. For 
example, of 800 teatuers in Alabama assigned to teach Biology, 491 teachers (61%) have their 
primary assignment in Biology. The proportion of Biology teachers with a primary assignment 
in the field varies from 89% in Pennsylvania to 26% in North Dakota. In Chemistry, 15 states 
had a majority of teachers assigned 50% or more in Chemisiry with the proportions varying from 
a high of 84 percent in Pennsylvania to a low of 21 percent in South Dakota. In Physics only 
4 states had a majority of teachers assigned 50% or more in Physics (Connecticut, Idaho, North 
Carolina, Pennsylvania^ and most teachers in the other 35 states teach Physics on a part-time 
basis. 

States with more rural districts, such as Arkansas, Oklahoma, and North Dakota had fewer 
teachers with primary assignments in »ny of fhe science fields while states with a greater 
propi rtion of urban and suburban districts, such as Connecticut, New York, and Pennsylvania, 
had more teachers with primary assignments in one field. Southern states with whoie-county 
districts, such as Mississippi, North Carolina, South Carolina, and Virginia, have higher 
proportions of math and science teachers with primary assignments in one field. 
(The states also reported data on characteristics of teachers assigned in Earth Science, General 
Science, and Physical Science. These data are not analyzed in the paper but they are available 
from the author.) 

A question that might be asked about the teaching force in science and mathematics in 
each state is how the number of teachers compares with the student population to be educated. 
A student:teacher ratio was computed for mathematics and three science fields, as shown in Table 
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3. A statistic of "estimated full-time equivalent teachers (FTE)" by subject/field was computed. 
Since the data were not requested from states in PTEs, estimated PTEs were computed from the 
state totals for primary and secondary assignments (.75 times the number with primary 
assignments (50% or more time) plus .25 times the number with secondary assignments (less than 
50%)). The student:teacher ratio is the total grade ?-12 enrollment in the state divided by the 
estimated FTE for each subject/field. 

The student:teacher ratios for mathematics vary from 62 students per teacher in Hawaii 
to 242 in Mississippi, with a median state ratio of 144. The low ratio m Hawaii may be due to 
inclusion of grades 7-8 in the total. In Biology, the ratio varies from 249 students per teacher 
in New York to 639 in Calilbmia. with a median of 428. In Physir^ the ratios vary from 868 
in North Dakota to 7,654 in Mississippi, with a median of i,907. A iarge portion of high school 
students at each grade level are taking a Mathematics course and every high school has several 
Math teachers. Thus, the state student:teacher ratios reflect the average student load for a full- 
time math teacher. There are more Biology teachers than teachers in other science fields because 
almost all schools offer Bioiogy. Since most students take only one Biology course, the ratios 
are higher than for Mathematics. The student:teacher ratios for Chemistry and Physics might be 
interpreted as an indicator of the capacity of schools in a state to offer courses in these fields. 
In Chemistry, almost all states have an average of a full-time equivalent teacher for the number 
of students that would comprise a large high school (i.e., 800 to 1800 students). Thus, on 
average, smaller high schools are likely to have only a part-time Chemistry teacher. In Physics, 
12 of 29 states have a student:teacher ratio of over 2,000 students per full-time equivalent teacher 
and all but two states have a ratio over 1,000 students per teacher. These ratios indicate that on 
average only the largest high schools in a few states would have a fiilNtime Physics teachers. 
The student:teacher ratios for Chemistry and Physics provide an indication of the 
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distribution of teachers to students, but possibly a school does noi need a "full-time equivalent" 
teacher in physics. Decision-makers may be more interested in whether each school has someone 
to teach physics, if even one course. Table 4 displays the number of high schools in each state 
by the total "headcount" of teachers assigned to to each of the four subjects (i.e., teachers with 
primary assignment gr secondary assignment). These data reveal that 9 of 33 states have more 
high schools than dhemistry teachers, and 21 of 33 states have more high schools than Physics 
teachers. In California, Idaho, Mississippi, New Mexico, Oklahoma, South Dakota, and Utah 
two-thirds to one-half of the schools are able to offer a Physics course (unless several schools 
are cooperating in sharing a Physics teacher, which is not reflected in the state totals). These 
state-level data on number of schools per science teacher are consistent with findings of the 
1985-86 national survey (Weiss, 1987) and a national survey of Physics teachers (Neuschatz and 
Covalt, 1989). State-level data provide more specific information that can be related to state or 
district policies, and can be useful in gauging the degree of severity of a problem such as 
shortages of Chemistry and Physics teachers. 



Age, Sex, Ravt:e/Etlmkity of Science and Math Teachers 

With state-by-state data on the demographic characteristics of teachers, it is possible for 
education decision-makers to see differences in the current teaching force in science and math 
which may be related to state policies and programs such as recniitmc!!t, certification, or early 
retirement, well as to identify problems that need to be addressed such as the aging of the 
teaching force or under-represenUtion of women and minority teachers. For the 1988-89 school 
year, 39 states reported data on the age, sex, and race/ethnicity of teachers assigned 50% or more 
to a math or science field. For purposes of comparison, states also reported the age, sex, and 
race/ethnicity of all high school teachers. 



Age of Teachers. Tablr S lists the percentage of science and math teachers who are under 
age 30 and the percentage over age 50. These statistics can be used for estimating the future 
demand for teachers, i.e., number of younger teachers as compared to c'^er teachers. The median 
state perctmtage of Nfath teachers under age 30 is 14% and the median percentage over age SO 
is 16%, which indicates that in most states math teaching is not dcuninated by older teachers. 
State percentages vary considerably-from a high of 23% under 30 in Wyoming to a high of 2r% 
over SO in Minnesota. Eleven states reported more math teachers under 30 than over 50. The 
state-reported data can be compared with natioaal averages from survey data. For example, in 
the 1985-86 national survey of science and math teachers, 13 percent of math teachers in grades 
10-12 were over SO (Weiss, 1989). 

In Biology, Oiemistry, and Physics, there are higher percentages of older than younger 
teachers in most states, although the differences vary by field. Biology has an average of 11% 
under 30 and 17% over SO (6 percent more teachers over SO than under 30), Chemistry has an 
average of 12% under 30 and 22% over SO (difference of 10 percent^ and Physics has an average 
of 8% under 30 and 23% over SO (difference of 15 percent> In states such as California, 
Delaware, Idaho, Minnesota, Mississippi, and Wisconsin the differences in ages of Chemistry and 
Physics teachers show that the demand will be higher for these teachers in the 1990's. From the 
higher percentage of younger teachers, states such as Kentucky, Nevada, Ohio, Pennsylvania, 
South Carolina, and Utah are less likely to have shortages in these fields. Hie national survey 
showed an average of 11 percent of science teachers in grades 7-9 over age SO and 15 percent 
of science teachers in grades 10-12 (Weiss, 1989). 

The state-by-state data on all high school teachers is not shown in a table. However, the 
median for all teachers is 11 percent under 30 and 17 percent age SO and over. Eleven states had 
more teachers under 30 than over SO. 
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Sex of Science/Math Teachers. The 1985-86 national survey reported that 46 percent of 
math teachers in grades 10-12 and 51% in grade 7-9 were female, and that 31 percent of science 
teachers in grades 10-12 and 41 percent in grades 7-9 were female (Weiss, 1989). State-by-state 
the proportions of math and science teachers that are male and female vary widely, as shown in 
Table 6. For example, in mathematics the percent of female teachers varies from 20% in 
Minnesota to 76% in Texas, and the median is 43%. (The daia on all high school teachers in 
these states shows 40% female in Minnesota and 67% female in Texas.) Ten states have more 
female than male math teachers and all but New Jersey and Hawaii are states in the southeast 
In Biology, the percentage of female teachers varies from 14% in Montana to 76% in Texas, and 
the median is 38%. Eight statt» have more female than male Biology teachers. Chemistry and 
Physics have lower average percentages of female teachers-30% median female in Chemi-stry 
and 18% median female in Physics. Eight states have more female than male Chemistry 
teachers, but only one state (Texas) has more female than male Physics teachers. The state 
median percentages for all high school teachers are 51% male and 49% female. 

Race/Ethnicitv. In 1985-86, the national figures for minority teachers' in science and 
math were: 10% minority math teachers in grades 7-9, 6% of grades 10-12 math teachers, 12% 
of grade 7-9 science teachers, and 8% of grades 10-12 science teachers (Weiss, 1989> The state- 
by-state data on race/ethnicity of teachers assigned 50% or more to four science and math fields 
are displayed in Tables 7-1 and 7-1 TTiesc percentages can be compared with the student 
race/ethnicity distributions (K-12) by state. (Student statistics were obtained frcm the NCES 
Common Core of Data for the 1988-89 school year.) Nationally, 30 percent of elementary and 
secondary students are minorities, and 70 percent are white. 

Fig!tre 1 shows a cross-tabulation of percentage minority teachers in three fields by the 
percentage minority students in the state. Among the 19 states that reported teacher race/ethnicity 

w An 



by field and student race/ethnicity, only eight states had over 10 percent minority Math teachers. 
Of the 13 states with more than 20% minority students, only 4 states had more than 15% 
minority math teachers (Alabama, Hawaii, Mississippi, and South Carolina). In Biology and 
Chemistry, the percentages of minority teachers are about the same as for Mathematics. Among 
the 13 states with over 20% minority students, five states had over 15% minority Biology 
teachers and five states had over 15% minority Chemistry teachers. Other than Hawaii, the four 
states with the highest proportions of minority teachers are all in the southeast- Alabama, 
Mississippi, North Carolina, and South Carolina. The data show that except for Hawaii no state 
has representation of minority teachers which is similar to the racial/ethnic background of 
students. 

The current findings should be considered preliminary since data were reported on 
race/ethnicity of only the science and n?ath tca'ihers assigned 50% or more of their time. For 
1989-90, race/ethnicity of all teachers in those fir,lds will be reported. With data reported over 
time on the proportion of minority science and math teachers by the proportion minority students 
an important trend indicator can be developed. 
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Figure 1 

PercenUge Minority Te«chen of Teachen Assigned 50% or More in Mathematics, 
Biology, and Chemistry By Percentage Minority Students (K-12) 



STUDENTS % MINORITY TEACHERS 

STATE % MINORITY Math Biology Chemistry 



Utah 


7% 


2% 


2% 


1% 


North Dakota 


8 


0 


0 


0 


Kentucky 


10 


2 


4 


1 


Wisconsin 


14 


1 


1 


2 


unio 


16 


3 


5 


2 


rcnnsyivania 


17 


3 


3 


1 


Nevada 


23 


9 


8 


3 


Colorado 


24 


4 


NA 


NA 


Connecticut 


24 


3 


4 


3 


Arkans^iS 


25 


11 


10 


7 


Oklahoma 


25 


5 


4 


2 


Delaware 


31 


9 


7 


4 


New Jersey 


33 


10 


7 


4 


North Carolina 


33 


14 


17 


11 


Alabama 


37 


19 


19 


15 


South Carolina 


42 


23 


25 


16 


Texas 


49 


15 


NA 


17 


Mississippi 


51 


27 


31 


31 


Hawaii 


77 


72 


72 


63 



Source: Data on Public Schools, State Departments of Education, October 1988. 
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Certiflcttioii of Science/Math Teachers 

An important component of an analysis of teacher shortages and the demand for teachers 
is the proportion who are teaching ''o .-of-field,** i.e., not trained in the field in which they are 
assigned to teach. For states, a relevant measure of out*of-field teaching, and teacher shortages, 
is the proportion of teachers that are not state-certified in the subject or field in which the 
teachers are assigned. 

States reported teacher assignments in science and math by certification status. The data 
are displayed in Tables 8-1 through 8-4. Teachers were defined as ''out of field if they were 
certified in a field/subject other than the one assigned or if they had a temporary, provisional, or 
emergency certification. As outlined in the Project design, the certification statistics are reported 
by teachers' primary assignment (50% or more time) and secondary assignment (less than 50% 
time). For state-by-state comparisons, information is reported in Table 8-5 on the number of 
credits required for state certification in each field. 

Mathematics. Table 8-1 shows that the proportion of math teachers assigned out-of-field 
is widely varied-from three states (Connecticut, North Dakota, and Wyoming) having 0 percent 
out-of-field to Colorado having 32 percent out-of-field. The medians of 3 percent out-of-field 
for primary assignments and 3 percent for secondary assignments tend to mask the high numbers 
in a few states. In two states (Montana and Oregon) the large majority of teachers out-of-field 
are those with a secondary assignment as math teachers, but in other states the percentages are 
fiiirly even for both assignment categories. 

One possible explanation for variation among the states in the proportion of teachers out- 
of-field is the differences in certification requirements. If a state has more stringent requirements, 
it might be expected that more teachers would be teaching out of field because it is harder to 
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hire new teachers who are certified or to assign current teachers who also have a Math 
certification. States with lower requirements would be predicted to have fewer teachers out-of- 
field. 

To test the hypothesis, the total percentage of teachers out-of-field in each state was cross- 
tabulated by the number of math credits required for certification, as shown in Figure 2. The 
pattern of results show Sc ne support for the hypothesis-three states with the highest percentage 
of math teachers out-of-field have high credit requirements (Montana, Kentucky, and California) 
and two states with the lowest requirements (Idaho and North Dakota) have few teachers out-of- 
field in Math. However, there are contradictions to the hypothesis-Nevada and South Dakota 
have low requirements but high proportions of teachers out-of-field (16%, 29%), and Missouri 
and Ohio have high requirements but only 1% of teachers out of field. An alternate explanation 
for the pattern in these states may be the extent of change in school age population. Nevada's 
teacher shortage might be attributed ;d its 16 percent school-age population increase from 1977- 
87 (as compared to the U.S. total of 9 percent decrease). Decline in school-age population could 
explain the lack of shortage of teachers in Missouri (13% decrease) and Ohio (17 % decrease). 
South Dakota had a 13 percent decrease in school-age population, but still has a teacher shortage 
in Mathematics. A factor may be the number of small, rural districts (81% of districts under 
1000 studeuts vs. 61% for the U.S.). However, there may be a number of factors that affect 
teachers in mdividual states such as low pay or early retirement options. 




Figure 2 

PERCENTAGE OF MATHEMATICS TEACHERS OUT-OF-FTELD 
BY CREDITS REQUIRED FOR STATE CERTIHCATION 



Math Credits 
Required 



0-10% 
Out-Of-Field 



11 - 32 % 
Out-Of-Field 



20 Credits or Less 



Idaho (6%) 
North Dakota (0) 



Nevada (16%) 
South Dakota (29%) 



21 - 29 Qedits 



Alabama (6%) 
Mississippi (9) 
Virginia (3) 
Wyoming (0) 
New Y:^rk (8) 



Oregon (12%) 



30 - 45 Credits 



Missouri (1%) 
Ohio (1) 
Oklahoma (8) 



Montana (20%) 
Kentucky (13) 
California (31) 



Credits set by degree- 
granting institution 



Minnesota (3%) 
North Carolina (5) 
Utah (5) 
Pennsylvania (8) 
South Carolina (9) 



Colorado (32%) 



Source: Data on Public Schools, State Departments of Education, October 1988. 
Blank and Espenshade (1988a) 
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Aa analysis of assignment by certification in science teaching fields requires 
the additional variable of type of science certification. Forty states have a "broad-field" science 
certification which typically provides certification for teaching in any secondary science field. 
Although the certification requirements for broad-field certification vary among states (see Table 
9), in most states the reason for this type of certification is to provide districts and schools with 
greater flexibility in hiring and assigning science teachers. Some offer teachers the option of 
"specific-field" or broad-field certification, but 10 states offer science certifications for only 
specific fields-Biology, Chemistry, Physics, Earth Science, etc. One hypothesis concerning 
science certifications would be that states with broad-field certification have fewer teachers out- 
of-field than states with only specific-field certification. 

The state data in Table 8-2 show that on average a smaller proportion of Biology teachers 
are assigned out-of-field than are Math teachers. However, as with Math teachers, the low 
average percentages out-of-field (medians: 1% and 2%) obscure the substantial proportion of 
teachers out-of-field in states such as California, Mississippi, Montana, New York, and South 
Dakota. A large proportion of Biology teachers are certified with broad-field certification 
(medians of 12% and 11%), and particularly in aiiforaia, Nevada, North Qrolina, Ohio, and 
South Carolina. 

A cross-tabulation of percentage of Biology teachers out-of-field by state certification 
requirements, in Figure 3, provides an analysis of differences in level of requirements and brocd- 
field vs. specific field certification. The results show that states with a broad-field certification 
do not have lower rates of out-of-field teaching. The three states with the highest percentages 
out-of-field-^uth Dakota, California, and Montana-all have broad-field certification. However, 
there is some evidence that a higher rredit requirement for either specific-field or broad-field 
certification is related to a higher proportion of teachers assigned out-of-field. Of the three states 
O 49 
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Figure 3 

PERCENTAGE OF BIOLCXJY TEACHERS OUT-OF-FIELD 
BY STATE CERTinCATION REQUIREMENTS 



Biology Credits 
Required 



0-10% 
Out-Of.Field 



11-39% 
Out-Of-Field 



Specific-Field Certiftcation 
12 to 24 Qedits 



Connecticut (0%) 
Virginia (3) 



25 to 45 Qedits 



New York (8%) 
Oklahoma (5) 



Nfississippi (11%) 



Broad-Field Certification 
18 To 36 Qedits 



North Dakota (0%) 
Wyoming (0) 
Missouri (3) 
Nevada (6) 



South Dakota (25%) 



37 to 60 Qedits 



Alabama (3%) 
Idaho (2) 
Kentucky (2) 
Ohio (1) 
Oklahoma (7) 



California (28%) 
Montana (39) 



Qedits set by degree- 
granting institution 



Minnesota (3%) 
North Carouna (2) 
South Carolina (5) 
Utah (7) 
Pennsylvania (3^ 



Source: Data on Public Schools, State Departments of Education, October 1988. 
Blank and Especshade (1988a) 
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with 0 percent out-of-field, CooQecticut requires only 18 credits (specific-field), North Dakota 
requires 21 credits for broad-field certifu:ation and 12 credits for specific-field certification, and 
Wyoiiiing requires 30 credits for broad-field and 12 credits for specific-field certification. 

It is likely that state demographic variables contribute to the high rates of teachers out-of- 
field in several states. California (28%) experienced a 3 percent increase in school-age 
population over 10 years and the state requires 45 credits for a "Life Science" certification. 
South Dakota (25%) and Montana (39%) have a high proportion of small, rural districts, and 
these kinds of districts have greater difficulty in hiring certified science and math teacup s. 

Physics . State data on assignment by certification status for Chemistry are in Table 8-3 
and data for Physics are in Table 8-4. This analysis will be limited to Physics, although some 
of the pauems are similar for Chemistry. Of the total Physics teaching force, an average of 72% 
are teaching Physics as a secondary assignment. The median percentages of Physics teachers out- 
of-field (2% primary assignment and 12% secondary assignment) show that certified Physics 
teachers are much harder to hire than teachers of Biology. 

The cross-tabulation of percent out-of-field with state requirements shows that neither 
broad-field vs. specific-fielc or the number of credits is related to percent of Physics teachers out- 
of-field. All but six states with state requirements have more than 16 percent of Physics teachers 
out-of-field, with the highest percentages in Mississippi (61%), South Dakota (53%X and 
Montana (76%). States with many small districts (South Dakota, Montana), mostly rural districts 
(Alabama, Mississippi, Kentucky) as well as states with more urban districts (California, New 
Yoric) have shortages of Physics teachers. It should be noted that some states 
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Figure 4 



PERCENTAGE OF PHYSICS TEACHERS OUT-OF-FTELD 
BY STATE CERTinCATION REQUIREMF>NTS 



Physics Credits 
Required 



0-10% 
Out-Of-Field 



11 - 76% 
Out-Of-Field 



Specific-Field Certification 
12 to 24 Qedits 



Connecticut (0%) 



Virginia (16%) 



25 to 45 Qedits 

Broad-Field Certification 
18 to 36 Qedits 



North Dakota (0%) 
Wyoming (0) 
Nevada (2) 



New York (20%) 
Oklahoma (26) 
Mississippi (61%) 



Missouri (16%) 
South Dakota (53) 



37 to 60 Credits 



Qedits set by degree- 
granting institution 



Ohio (2%) 
Idaho (2) 



Utah (2%) 
North Carolina (5) 
South Carolina (11) 
Pennsylvania (7) 



Kentucky (18%) 
Alabama (27) 
California (23) 
Montana (76) 



Minnesota (13%) 



Source: Data on Public Schools, State Departments of Education, Ocf '>er 1988. 
Blank and Espenshade (1988a) 
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with low percenuges of Physics teachers out-of-field were states identified in Table 3 as having 
low numbers of teachers relative to the number of high schools in the states, including Idaho, 
North Dakota, Utah. Ohio, Nevada, Wyoming. In these states, districts and schools assign few 
teachers outK)f-field, but the state also offers onl> limited opportunities fcr Physics since many 
schools have no Physics teacher either certified or non-certified. 

If we know the proportion of Physics teachers (or teachers in other fields) that are 
certified vs. assigned out-of-field in a state, is this a useful indicator of the qualifications or 
preparation of Physics teachers (or teachers in other fields)? Using the example of Physics, other 
data on teacher qualifications can be considered. From a national survey of Physics teachers, 
Neuschatz and Covalt (1988) found that 26 percent of Physics teachers have a college degree in 
Physics. Of the current Physics teachers, about one-third started their teaching career in Physics, 
about one-third started in another science teaching field but have 10 years experience in Physics 
teaching, and about one-third are assigned for the first time or have occasionally taught Physics. 
Only abou» 1 percent of current Physics teachers were trained in a field other than science or 
math. Data from the 1985-86 survey of science and math teachers show that 65 percent of 
Physics classes were tiught by a teacher with 6 or more courses in Physics, whereas 88 percent 
of Biology classes were taught by a teacher w'th 6 or more courses in Biology (Weiss, 1987). 
Weiss (1987) also found that all but 6% of teachers assigned to teach a science course have a 
degree in a science (Weiss, 1987). 

These national-level studies show that a large proportion of Physics teachers do not have 
extensive preparation in Physics, although almost all have preparation in a field of science or 
math. Thus, the state data on certification status could be viewed as an estimate of the 
proportion of Physics teachers that do not meet basic standards for the field, but the data do not 
measure the extent or quality of preparation. The advantages of certification data for state-level 
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analyses is that the data can be produced from existing data files, they can be related to state 
policies, and thf y can be used for state-by-state comparisons. 

SUMMARY 

The analysis of state-level data on science and m athematics teachers shows that national 
statistics on teacher supply and demand are sometimes insufficient for analyzing specific policy 
issues. The analysis of age of science and math teachers by state showed that projections of high 
teacher attrition due to retirements over the next 10 years will present a severe probleia in some 
states if actions are not taken. However, national survey data do not show a severe problem of 
attrition except in selected fields of science. Similarly, large state differences in the proportions 
of female and male math and science teachers are averaged out in national totals, and the national 
average can mask the degree to which students in different states have opportunities to learn from 
female (or male) science and math teachers. Statc-by-state data on teacher race/ethnicity 
accentuate the disparity between teacher and student populations indicated by national averages. 

The state-by-state analysis of the distribution of science and math teachers revealed some 
very specific information about teacher shortages. Current shortages in math and science were 
identified for some states by the proportion of teachers assigned out-of-field, while in other sutes 
shortages are identified by analyzing the number of teachers per school and studentrteacher ratios. 
The state dau show that differences in state requirements for certification have some relationship 
to the proportion of teachers assigned out-of-field. However, other state characteristics are also 
related such as the number of small districts and rural location, as well as the rate of change in 
school-age population. It is also apparent from the data on teachers per school that decisions 
about offering courses in science fields have an effect on the proportion of teachers in a state 
assigned out-of-field. Some states have few teachers out-of-field but also offer relatively few 



student opportunities to take courses such as Physics. 

As education decision-makers ask for improved data and statistics to track progress in our 
educational system, it is important to ensure that key policy questions can be addressed by the 
Statistics. The initial results from state-by-state reporting on teachers in science and mathematics 
show that State-level data and statistics can be very informative about policy issues. This is 
particularly the case'with data on teachers since states have a large role in defining the conditions 
by which teachers are trained, certified, hired, and assigned, as well as the school conditions for 
teaching and how teachers are paid. This report illustrates how state-level data on key teacher 
character sties can be used to inform education decision-makers and to identify potential problems 
with teacher shortages that could be further analyzed with more complex models. 



59 

55 



Table 1 

MATHEMATICS AND COMPUTER SCIENCE TEACHERS (GRADES 9-12) 
BY PERCENT OF TEACHING ASSIGNMENT 
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Tabit 2 

BIOLOGY, CHEMISTRY, AND PHYSICS TEACHERS (GRADES 9-12) 
BY PERCENT OF TEACHING ASSIGNMENT 
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• 


• 




• 


• 


294 


Michigan 




















Minnasota 


453 


299 


752 


195 


292 


487 


96 


282 


378 


Mississippi 


338 


82 


419 


93 


91 


144 


11 


35 


46 


Missouri 


Ma 


coo 


I.UlM 


226 


340 


586 


59 


315 


374 




Of 


129 


212 


30 


107 


137 


17 


100 


117 


Nebraska 




















Nevada 


102 


91 


193 


34 


27 


81 


IS 




AK 


New Hampshira 




















New Jarsay 


883 




983 


137 




13r 


137 




137 


New Mexico 


194 


107 




QB 


7w 


122 


13 


59 


72 


New York 


3,349 


1.97S 


5.224 


1 292 








059 


1.188 


North Caroflna 


1.039 


148 


1,181 


490 


94 


883 


254 


87 


331 


North Dakota 


88 


192 


289 


21 


129 


147 


9 


^37 


143 


Ohio 


1.229 


487 


1.995 


832 


353 


995 


203 


539 


742 


Oklahoma 


979 


339 


VIC 








29 


197 


222 


Oregon 


293 


88 


31i 


• 


• 


• 


• 


• 


• 


Pennsylvania** 


1492 


186 


1.797 


829 


193 


992 


457 


184 


841 


nnooe island 


190 


# 


190 


75 


• 


75 


41 


• 


41 


South Carolina 


498 


180 


832 


190 


124 


322 


41 


173 


214 


South Dakota 


97 


148 


232 


31 


^7 


149 


9 


121 


130 


Tenneesea 
















Taxaa 


Z242 


1.819 


3J89 


789 


902 


1.555 


190 


743 


923 


Utah 


311 


127 


439 


89 


39 


102 


21 


42 


83 


Vermont 




















Virginia 
Washington 


779 


222 


1.001 


395 


146 


543 


159 


178 


332 


West Virginia 




















WIsoonaki 


949 


248 


1,099 


309 


244 


503 


119 


280 


399 


1*^ 1 

f yufiMi*|| 


72 


70 


142 


29 


70 


99 


9 


70 


79 


Totiri 


20,979 


9.8U 






5.^ 




3.192 


9.971 


10.379 



9re8ieiM21ncbdes99 



*9Ms 4oee not eo8sct er csMMt lipoit iHi 
**KsAsas.HaMalandPsiwsyMMlK «nMlsa7-12; 
- 9MdMMtreport4ilaeaisailMr«M||MMNtlw199949 

♦Ostoiaia: lJl9eeisaeeis9Bliei9(ii8sli«1M80%erNm^l99lssa9iM80%:ll^^ 1080 

^Wt888 



lisJP^ 



Tabl« 3 

RATIO OF STUDENTS IN GRADES 9-12 TO MATHEMATICS 
AND SCIENCE TEACHERS 





MATHCMATiCS 


BIOLOOy 


CHCMISTHY 








Eatlmatad 


Studafita 






cvunwiva 


viuoafiia 


Estlmatad 


Studanta 


STATE 


PTE Taaeh«rA 


Par TaaaKm 




rWf %9wQn9f 


r 1 c 1 aaanani 


rWf 1 vscnvr 


FTC Taachara 


Par Tasohar 




1 ni^c 

1 |UI3 




AAA 




199 


1(332 




4 OAV 

1,807 


WW 


978 


162 


293 


340 


109 


9t2 




1,862 




5.621 


225 


1.983 


630 


671 


1.888 


324 


4 AAA 

3,908 


Colorado 


972 


162 


- 




- 








Connocficut 


1,174 


113 


384 


344 


190 


804 


109 


(,209 




707 




an 






1.40U 


IP 


9 7fta 

C,/O0 


Idaho 


415 


141 


142 


411 


40 


1.458 




vo 


ltllno<« 


3.4ei 


145 


1.007 


497 


356 


901 






Ktntucky 


1.114 


163 


315 


577 


162 


1.121 


60 


3.031 


Mlnnotota 


1.132 


191 


415 


520 


219 


964 


m 


1.513 








273 


478 


83 


1.577 


17 


7,854 


Missouri 


1.379 


172 


585 


405 


255 


931 


123 


1,926 


Montana 


305 


138 


97 


438 


49 


866 


38 


1,119 


Navada 


401 


122 


99 


494 


32 


1.520 


19 


2.615 


NawMaxico 


418 


183 


172 


445 


57 


1,357 


25 


3,130 


NawYork 


5.151 


144 


^981 


248 


1.112 


866 


549 


1,353 




Z.o/n 


158 


813 


308 


373 


864 


215 


1,500 


North Dakota 


262 


129 


98 


345 


47 


712 


39 


866 




2.950 


186 


1.035 


530 


562 


977 


287 


1,913 


Oklahoma 


1.164 


141 


516 


319 


185 


691 


66 


2.421 


Oregon 


862 


1S4 


211 


630 




mm 






Pannsylvania* 


4.064 


123 


1.210 


414 


860 


786 


369 


1,268 


South Carolina 


1.317 


135 


384 


483 


180 


991 


74 


2,405 


South Dakota 


267 


127 


102 


335 


53 


646 


37 


919 


Taxas 


6.133 


145 


a066 


428 


765 


1.165 


321 


2760 


Utah 


568 


182 


285 


411 


80 


1.815 


26 


4.148 


Virginia 


2.084 


138 


840 


443 


333 


890 


161 


1,759 


WiMonsIn 


2.226 


108 


898 


338 


293 


807 


159 


1.490 


Wyoming 


222 


123 


72 


382 


38 


896 


24 


1.161 


Madian 


144 


428 


962 


1.907 



^Hawaii and Pannsyvhnia: gradaa 7-12 

Notas: estknaiad FT6 (FuMma aquivalanO Taachara ■ 0. 75 llmaa t)a numbar vvNh primary assignmant (90% or mora tlma) In aubiaot/flald plus 0.25 times 

numbafwlthaacondafyasaignma m (laaa»an50% tima) in aubiacVMd. 

Studants Par Taaehar • TottI 6ludams 9-12 dhMad by MnaM FTE Taae^ 
Souea: StataDaparlmantaol Education, Data on Puble Schools, FiM 1988 
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Tablt4 

NUMBER OF HIGH SCHOOLS BY TOTAL 
MATHEMATICS AND SCIENCE TEACHERS (GRADES 9-12) 



STATE 


HIQH 
SCHOOLS 


TOTAL TEACHERS 


Mfth6matlc6 


Biology 


Chomlotry 


Phy8lC8 


Alabama 


244 


1,600 


600 


380 






331 


2.452 


509 




4SeO 


CaJifomla 


1.261 


9.603 


3,626 


1 314 


040 


Colorado 


262 


1,369 


• 


• 


• 


Connacticut 


165 


1.624 


566 


293 


181 


Hawaii** 


31 


1.355 


160 


51 


37 


Idaho 


115 


607 


200 


54 


37 


Illinois 


678 


6,612 


1,540 


946 


619 


Indiana 


341 


2,321 


1.001 


501 




Iowa 


423 


1.620 


414 


116 


96 


Kanaai** 


346 


1,799 


742 






Kantucky 


296 


1,691 


700 


347 


910 


Louisiana 


291 


3,466 


827 


430 


OAA 


Massachusatts 


296 


3,6.56 


756 


456 




Minnatota 


428 


1,660 


752 


487 


378 


Mississippi 


170 


762 


419 


144 


46 


Missouri 


482 


2.036 


1,003 


566 


374 


Montana 


172 


528 


212 


137 


117 


Ntvada 


54 


642 




61 


45 


Maw Maxico 


119 


596 


301 


122 


72 


Now York 


715 


6,211 


5,224 


1,925 


1,168 


North Carolina 


319 


2.966 


1,161 


553 


331 


•'vnn MliiOHl 




472 


258 


147 


143 


Ohio 


716 


4.197 


1,885 


965 


742 


Oklahoma 


479 


1.663 


912 


489 


222 


Oragon 


219 


1,326 


318 


• 


• 


Pannayivania** 


565 


5,549 


1,737 


982 


641 


Rhoda Island 


40 


444 


180 


79 


41 


South CaroNna 


200 


1.695 


632 


322 


214 


South Dskota 


176 


456 


232 


148 


130 


Taxaa 


1.070 


9,734 


3.888 


1,966 


923 


Utah 


142 


946 


438 


102 


63 


Virginia 


276 


3,133 


1.001 


643 


332 


'"^*consln 


437 


3.237 


1.008 


883 


398 


Wyoming 


78 


363 


142 


99 


78 


Msdian 


276 


1,695 


700 


380 


225 



*Stala doaa not oolad or cannot raport data for cataoory 

•niawal.Kansaa. and PMMylvanla:ofadss 7.12; Massachusatts: 9radaaK-12bciudas 96 matfi/Miancataaehars 
Nots: Total Taachars • Tsachara wMh primary or aacondivy assignmant in subjact/NId, i.a. "hoadcount* of taachars. 

High School > Low grads 7-12, high grads 1 2. 
Sourca: Stala OapsrtmanH of Education. Data on Public Schools, FaN 1 986; National Cantar for 
Education Statistics. FaN 1966 

63 
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Table 5 

TEACHERS UNDER AGE 30 AND OVER 50 ASSIGNED 50% OR 
MORE IN MATHEMATICS, BIOLOGY, CHEMISTRY, PHYSICS (GRADFS 9-12 




Souk*: 8«Mi OipMnMti of EdwriloaOMi on School*, Fdil 988 

64 
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Tables 

GENDER OF TEACHERS ASSIGNED 50% OR MORE 
IN MATHEMATICS, BIOLOGY, CHEMISTRY, PHYSICS (Grades 9-12) 







MATH 






BIOLOQV 




"CRERISI 


rnv 




PHYSICS — 




80% 






99% 






89% 






CMC 








or 






or 






or 






or 






STATE 


Mof« 


Mite 


Fetnale 


Mofv 






Moio 




i^atnale 


mom 








1.226 


34% * 


. 66% 


49t 


>w w 




129 


30% 


62% 


91 


99% 


45% 


ArkansM 


729 


39% 


61% 


287 


49% 


91% 


79 


80% 


41% 


6 


100% 




CalifomiA 


6.440 


52% 


48% 


^192 


70% 


30% 


609 


70% 


30% 


226 


87% 


13% 






6B% 


36% 














Connecticut 


1.535 


59% 


49% 


488 


66% 


39% 






'Mac 
31% 


120 


89% 


11% 


Delaware 


316 


51% 


49% 


80 


Qtf% 


■MAC 

38% 


24 


71% 


29% 


30 


67% 


33% 


Hawaii*^ 


736 


39% 


59% 


80 


49% 


91% 


39 


40% 


97% 


13 




31% 


Idahp 


526 


72% 


28% 


184 


80% 


20% 


93 


94% 


0% 


23 


91% 


9% 


lllinoit 


3.516 


99% 


41% 
















Kant nek V 




4 lib 


99% 


276 


58% 


44% 


191 


53% 


47% 


19 


80% 


20% 


Minnesota 


1,333 




9naL 

A/TV 




82% 


18% 


199 


84% 


16% 


98 


89% 


11% 


Mrsstssippi 


684 


30% 


69% 


337 


39% 


61% 


93 


49% 


99% 


11 




27% 


Missouri 


V738 


40% 


51% 


689 


61% 


39% 


226 


69% 


39% 


99 


78% 


22% 


Montana 


346 


68% 


23% 


87 


82% 


14% 


92 


48% 


10% 


17 


70% 


18% 


^4evada 


460 


oi/7a 




lUS 


72% 


28% 


34 


79% 


21% 


19 


97% 


13% 


New Jersey 


4,596 








98% 


44% 


137 


69% 


39% 


137 


69% 


35% 


New York 


6.197 


57% 


43% 


3.349 


62% 


39% 


1^ 


72% 


28% 


904 


86% 


14% 


North Carolina 


2.656 


31% 


69% 


1.036 


43% 


97% 


400 


40% 


94% 


284 


61% 


39% 


North Dakota 


287 


67% 


33% 


66 


88% 


14% 


21 


86% 


14% 


6 


inML 

lUUIS 




Ohio 


3.802 


99% 


41% 


1.229 


71% 


29% 


632 


71% 


28% 


203 


82% 


18% 


OKianoma 


1.487 


90% 


50% 


876 


62% 


39% 


91 


99% 


91% 


25 


96% 


4% 


Oregon 


1.062 


73% 


27% 


263 


79% 


22% 


• 


• 


• 








Pennsylvania** 


5,393 


61% 


39% 


1,862 


72% 


29% 


829 


72% 


28% 


497 


86% 


12% 


Rhode island 


• 


• 


• 


180 


62% 


39% 








South Carolina 


1,687 


31% 


69% 


402 


39% 


62% 


199 


43% 


97% 


41 


99% 


41% 


South Dakota 


306 


71% 


29% 


97 


93% 


17% 


31 


74% 


28% 


9 


89% 


11% 


Texas 


7.396 


24% 


79% 


Z042 


24% 


70% 


783 


21% 


79% 


180 


21% 


79% 


Utah 


677 


70% 


30% 


311 


78% 


22% 


99 


93% 


17% 


21 


90% 


10% 


Virginia 


^6Q8 


34% 


90% 


779 


42% 


99% 


390 


44% 


98% 


196 


70% 


30% 


Wteconsin 


2,634 


99% 


34% 


949 


90% 


19% 


300 


94% 


16% 


118 


87% 


13% 


Wyoming 


263 


OM 


37% 


72 


91% 


19% 




90% 




6 


79% 


25% 






91.179 


32273 


19J97 


11.410 


0.113 




4.486 


Z760 




ai67 


659 


Median 




am 


40% 




62% 


30% 




70% 






82% 


18% 



*SUI* dOM not eotoei or OMngl i«port Mi for eM«aiy 
**OndM7.l2 



Souit*: 8MiOtp«lnMnliofEdunllon,DilienPuble8eheel*,Fdi19M 
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Table 7-1 

RACE/ETHNICITY OF TEACHERS ASSIGNED 50% 
OR MORE IN MATHEMATICS AND BIOLOGY (GRADES 9-12) 



STATE 


Toiai 

9ir% Of 

MOffV 


MATHEMATICS TEACHERS 
HIapanIa WhNa Btoefc Aalan hdlan 


Total 
90% or 

Ham 

won 


rWapafM 


BIOLOOY TEACHERS 
8 Whtia Maek Aalan 




Atabtmii 




0 


80.9% 


13.6% 


0 


0 


491 


0 


eo.9% 


ia7% 


0 


2% 


Arkamat 


729 


' .0 


89.0% 


10.7% 


.3% 


0 


267 


0 


89.9% 


a4% 


.3% 


3% 


CaMomia 


6.440 


S 14L 


aa 9^ 


A ML 


9.7% 


.71% 


2.152 


5.2% 


84.1% 


4.4% 


4.7% 


.7% 


Cotorado 


1.251 


Z4% 


99.6% 


1.0% 


.9% 


.56% 


• 












Connaeticut 


1.535 


.6% 


97.1% 


1.6% 


.3% 


0 


465 


.4% 


95.9% 


a3% 


.7% 


0 


OalavMva 


316 


n 




a CMC 


f\ 
0 


f\ 
0 


60 


0 


93.3% 


6.7% 


0 


0 


Hawirii** 




n 








0 


80 


0 


27.5% 


1.3% 


71.3% 


0 


Idaho 




0 


96.5% 


0 


1.1% 


.36% 


164 


0 


98,9% 


.0% 


0 


1.1% 






0 


97.9% 


^o% 


.1% 


0 


276 


.4% 


95.7% 


aii% 


.4% 


0 






• 






• 




337 


0 


68.5% 


30.9% 


0 


.6% 


Montana 


346 


0 


91.0% 


0 


.3% 


0 


mn 

Of 


0 


95.4% 


.0% 


0 


1.1% 


^4avada 


460 


3.3% 


90.6% 


^9% 


^1% 


.6% 


102 


4.9% 


92.2% 


Z9% 


0 


0 


Maw Janay 


4.996 


1.5% 


90.3% 


73% 


1.0% 


.04% 


653 


.6% 


9^7% 


57% 


.7% 


0 


North Carolina 


^656 


• 


65.9% 


13.1% 


.2% 


.6% 


1.036 


• 


83.4% 


15.6% 


.2% 


.6% 


Nonh Dakota 


287 


0 


99.7% 


0 


0 


.3% 


66 


0 


100.0% 






0 


Ohk) 


3.802 


.1% 


97.0% 


^6% 


.3% 




1.226 


2% 


94.7% 


50% 


Z% 


0 


Oklahoma 


1.467 


.1% 


95.0% 


2.9% 


.1% 


1.9% 


576 


.2% 


95.5% 


^3% 


Z% 


1.9% 


Panrwylvania 


5.393 


.1% 


96.9% 


2.9% 


.1% 


.02% 


1.562 


.2% 


97.0% 


^5% 


.1% 


0 


South Carolina 


1.667 


0 


77.0% 


22.8% 


.2% 


.1% 


462 


0 


74.6% 


25M 


0 


0 


Taxaa 


7396 


5.2% 


86.4% 


&6% 


.5% 


.3% 














Utih 


677 


.1% 


96.1% 


.3% 


.9% 


.6% 


311 


0 


98.1% 


.0% 


.96% 


.96% 


Virginia 




.3% 


86.7% 


12.4% 


.4% 


.2% 


779 


0 


85.4% 


13.5% 


.9% 


3% 


WtocoRsIn 




4 


%787 


27 


6 


1 


949 


2 


634 


6 


2 


_2 


Totirf 


49.060 


669 


43,679 




664 


144 


12^ 


134 


10.944 


904 


189 


45 



*Stala doaa not oolael or oannol ripoft Ma for eaUgofy 
••Qmdia7-12 

Soufca: Stala Dapaftnanti of E J uc aion. Data on Plirfte School^ 
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Table 7-2 

RACE/ETHNICITY OF TEACHERS ASSIGNED 
50% OR MORE IN CHEMISTRY & PHYSICS (Grades 9-12) 



STATS 


80% 
or 
Mora 


CHEMISTRY 
Mapanla Wlilla Maoli 


Aalan 


bMllaii 


90% 
or 
Mora 


— 


PHYSICS 
le WMla Saek 




hdiaw 


Alabama 


129 




aa ML 




0 


.8% 


91 


0 


68.3% 


13.7% 


0 


0 


Arfcanaaa 


75 


0 


03.3% 


8.7% 


0 


0 


8 


0 




0 


0 


0 


Califomia 


066 


^3% 


80.0% 




4.2% 


.7% 


228 


.4% 






4.4% 


4% 




234 


1.3% 


97.4% 


1.3% 


0 


0 


128 


0 


W.2% 


0 


.8% 


0 


OalavMni 


24 


0 


96.0% 


4.2% 


o 
u 


n 
0 




c 




9.1% 


0 


0 


Hawaii** 


30 


0 


34.3% 


0 


82.9% 


0 


13 


0 


15.4% 


0 


64.8% 


0 


Idaho 


33 


0 


100.0% 


0 


0 


0 


23 




96.7% 


0 


0 


0 


Kantucky 


151 


0 


90.7% 


.7% 


.7% 


0 


15 


0 


100.0% 


0 


0 


0 


Misaiatippi 


03 




68.6% 


31.2% 


• 


• 


11 


• 


72.7% 


27.3% 


• 




Montana 


52 


0 


58.0% 


.0% 


0 


0 


17 


0 


94.0% 


0 


0 


0 


Nevada 


34 


0 


97.1% 


.0% 


^9% 


0 


15 


0 


93.3% 


0 


87% 


0 


Now Jareay 


137 


.7% 


96.8% 


^9% 


1.5% 


0 


137 


.7% 


96.8% 


^9% 


.f 


u 


North Carolina 


400 


• 


88.9% 


9.0% 


.4% 


1.3% 


284 


• 


94.3% 


4.5% 


.4% 




North Dakota 


21 


0 


100.0% 


0 


0 


0 


8 


0 


1C0.0% 


0 


0 


0 


Ohio 


632 


0 


97.9% 


z^% 


.5% 


0 


203 


0 


99.5% 


.5% 


0 


0 


Oklahoma 


135 


0 


97.0% 


1.5% 


0 


.7% 


25 


40% 


98.0% 


0 


0 


0 


Pannaylvania 


629 


.1% 


90.0% 


.0% 


* 


* 


467 


0 


09.3% 


.4% 


2% 


0 


South Carolina 


190 


.9% 


83.0% 


14.0% 


.5% 


.9% 


41 


0 


87.8% 


0.0% 


Z4% 


0 


Taxaa 


783 


4.1% 


63.0% 


&3% 


.0% 


.1% 


180 


3.9% 


69.4% 


a7% 


0 


0 




60 


0 


08.6% 


0 


1.4% 


0 


21 


4.8% 


96.2% 


0 


0 


0 


VirgMa 


306 


.3% 


9ai% 


ai% 


1.9% 


0 


160 


1.3% 


91.7% 


6.4% 


.0% 


0 


Wieeonain 


300 


0 


98.4% 


M 


1.0% 


0 


110 


0 


99.2% 


J% 


0 


0 


Totiri 


S»630 


56 


6.008 


274 


78 


15 


2,192 


14 


Z048 


80 


26 


3 



*Stala doaa not coloel or cannot raport dala tor oataoory 
*^Wdoe7.12 

Souico: State OapartowntiolEdue«lon.DBM on FHiMeSchoola^ 
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Tabit 8-1 

MATHEMATICS TEACHERS (GRADES 9-12) BY PERCENT 
OF TEACHING ASSIGNMENT AND CERTIFICATION STATUS 



STATE 



AMMNeO MATH 80% OH MQHg 
TOTAL CERnnEO OUT OP 
MATHEMATICS FIEID 



A88I0NED MATH LESS THAN 50% 





OUT OF 






20% 


4% 


16 


16 


2 


6 


9 


0 


7 


6 


9 


10 


26 


2 


6 


3 


14 


1 


19 


19 


18 


7 


23 


2 


6 


2 


39 


0 


9 


0 


6 


3 


6 


12 


2 


1 


7 


4 


16 


16 


26 


2 


19 


2 


26 


0 


14% 


3% 



CaMfomia 
Color«do 
Connecticut 

Idaho 

Kontucky 

Minnotota 

Mississippi 

Missouri 

Montana 
Nsvada 

Now York 
NoftiCvoNna 
Norei Dakota 

OhV) 

Oklahoma 
Oragon 

Pannsylvania*^ 
South Carolina 

South Dakota 

Utah 

Virginia 



1400 
9.603 
1.389 
1.624 

607 
1.691 
1.860 

763 
2.038 

528 
642 
8.211 
2.966 
472 

4,197 
1.683 
1.329 
5.549 
1.895 

458 
946 

3.133 
363 



74% 

52 
66 
95 

87 
79 
71 
85 
85 

60 
66 
70 
87 
61 

89 
83 
80 
92 
84 

32 
69 
62 

72 



2% 
19 
24 

0 

0 
3 
1 
6 

0 

9 
9 
6 

3 
0 

1 
9 
0 
7 
9 

13 
3 
1 
0 



Madian 



79% 



3% 



**Qrwiss7.12 

Nolo: Alabama 50% or mora, 2 taacham 
CaMomia 50% or mor*. 1,142 ta«ha 
Souica: Stala Oapartnanta of Eduealon, 



Osnsral saeondary: Isaa thM 90%. 9 
gsnsral aaoondary; Isaa than 90% 678 
on Ruble Schools, Fii 1966 
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Tabit 8-2 

BIOLOGY TEACHERS (GRADES 9-12) BY PERCENT OF TEACHING 
ASSIGNMENT AND CERTIFICATION STATUS 







ASSIGNED BIOLOGY MML OD UAD* 


ASStQNED BIOLOOV 1 *M TUAM »ml 


STATE 




C6rtiri6d 




OUI Of 


CartifM 


C9rtlfl6d 


Out Of 


TOTAL Bloloav 


oivaa rivia 


rl8IQ 






Flald 


Alabama 


800 


48% 


12% 


2% 


20% 


10% 


1% 


CaMomja 


3,628 


• 


44 


15 


• 


28 


13 


Connacticut 


566 


85 




0 


14 


• 


0 


Idaho 


200 


92 




0 


7 


• 


2 


Kantucky 


709 


38 


1 


0 


57 


2 


2 


MInnaaota 


752 


46 


14 


1 


28 


9 


2 


Misaiatippj 


418 


72 


• 


9 


14 


• 


3 


MlaaoMri 


1,003 


6S 


t 


1 


31 




2 


MrrSana 


212 


25 




16 


36 


• 


23 


Navada 


193 


16 


35 


3 


7 


37 


3 


Na\«Yort( 


5,224 


59 


• 


5 


<N 


• 


a 


North CtfoNna 


1,181 


47 


39 


1 


6 


5 


1 


Nonn uakoia 


258 


22 


4 


0 


53 


21 


0 


Ohio 


1.685 


15 


57 


1 


10 


17 


0 


OMahoma 


912 


61 


• 


2 


34 


• 


3 


Oragon 


316 


83 


• 


1 


11 


• 


6 


Ptnnaylvania** 


1,737 


6t 


5 


3 


10 


1 


0 


South CmNna 


632 


40 


JO 


1 


9 


16 


4 


Soutf) Dakota 


232 


22 


11 


5 


31 


11 


20" 


IM 


436 


66 


• 


6 


28 


• 


1 


Vkginla 


1,001 


77 




1 


20 


• 


2 




142 


51 


• 


0 


49 


• 


0 


Madian 




51% 


12%^ 


1% 


28% 


11% 


2% 



*SMa doM not hm« cwtMeadon bi MtigMy 
•*Q(BdM'M2 

M>tK CMbmla em or m»« , 363 iMchm ewWM gwwal swnndwy ; ^ 
Soutm: ai m Dtpwti wn ti tt C i to i i on, Di»ion PuMo Schoolt. Fi< 1963 



owMoMlenlMMdallwiMWyinoiMraquirMnMto proba«on«y pwtod) 

^MeMeFWd: 8lrti> n irW uH on In tpwHo tOme* iUU c« 

Braad-FWA Bwd l Wd 



Q«wml8«)ondaiy: Tmbtmm im only <9iiwwi wcondwy wtWetlton. cHWMfcn la Hach 

•ny M*|oel at Moondw> iMil 
Oi-of^ RigMltrfttMJwy pwh rt B wwy t wil t il j iilnoltld^^ 
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Tabit 8^ 

CHEMISTRY TEACHERS (GRADES 9-12) BY PERCENT OF TEACHING 
ASSIGNMENT AND CERTIFICATION STATUS 



STATE 



Alabama 

California 

Connacticut 

loaho 

Kantuclcy 

Minnaaota 

Miasiatippj 

MisaouH 

Montana 

Navada 

NawYodc 
NorttiCaroHna 
North Dakota 

Ohio 

Oklahoma 
PannsyfvaKt 
South Carolina 

South Dakota 
Utah 
Virginta 
\A^oming 



TOTAL 



360 
1,314 
293 
54 

347 
487 
144 

566 
137 

61 
1,925 
553 
147 

985 
469 

982 

322 

148 
102 
543 
99 



ASSIGNED CHPU«TI»V lUHc ffl yftflf 

CartHM CartHM Outof 

ChamtatTY aroadRald 



CartHM 



CartNM 
IFIaM 



21% 

80 

t3 

40 
23 
49 

39 
19 

25 
60 
22 
8 

28 
28 
66 

13 

8 

63 
71 
29 



14% 

39 



4 

15 



30 

63 
6 

35 

15 
47 



10 



0% 
13 
0 
0 

0 

2 

16 

1 

3 

2 
6 

0 
0 

1 
1 
4 
2 

3 
5 
2 
0 



27% 

20 
2 

45 

33 
19 
57 
31 

5 

32 
3 

-^7 

19 
65 
10 
4 

14 

30 
22 
71 



33% 
34 



6 

20 

39 
• 

12 
58 

16 

5 

28 

21 



cm of 

FlaM 



8% 

14 

0 
0 

5 

7 
17 

4 
47 

0 
3 
0 
0 

0 
7 
1 
6 



Z 
5 
0 



29% 



15% 



2% 



*Stata doaa not hava earlMcation in eataoory 

Nota: CaWornia 50% or mom. 124 taad^aia cartMad 9«^ 

Sourca: Stala Dapartmanti of Educatfori, Dalaoii Ruble 8choola,Piril 1968 



22% 



20% 



3% 
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Table 8-4 

PHYSICS TEACHERS (GRADES 9-12) BY PERCENT OF TEACHING 
ASSIGNMENT AND CERTIFICATION STATUS 



STATE 


TOTAL 


ASSIGNED PHVSICS UflL OR IIOM 




CartNM 
PKyaIca 


Ctptliid 
ofoaa naia 


Oulaff 
nsM 


CafMM 
WiyaJoo 


B^oadFMd 


Out ai 

PlaM 


AJabvna 


324 


3% 


9% 


4% 


10% 


82% 


23% 


CaNfomla 


845 


• 


20 


6 


• 


56 


17 


Connecticut 


161 


70 


• 


0 


29 


• 


0 


Idaho 




85 


• 


0 


7 


• 


7 


Kontucky 


210 


4 


2 


1 


61 


14 


17 


MinnMota 


376 


16 


8 


1 


36 


26 


12 


Mississippi 


46 


13 


• 


11 


28 


• 


80 


Missouri 


374 


15 




1 


70 


• 


19 


Montana 


117 


8 


• 


7 


16 


• 


69 


Navada 


45 


13 




2 


16 


47 


0 


NawYork 


1.189 


34 


• 


6 


46 


• 


12 


North Carolina 


331 


10 


66 


4 


2 


16 


1 


North Dakota 


143 


1 


3 


0 


16 


76 


0 


Ohio 


>42 


13 


14 


1 


40 


32 


1 


OMahoina 


222 


9 


• 


3 


66 


• 


23 


Pannaylvania 


641 


53 


13 


9 


14 


12 


2 


South Carolina 


214 


4 




1 


7 


64 


10 


South Dakota 


130 


2 


4 


2 


10 


32 


51 


Utah 


63 


32 


• 


2 


67 


• 


0 


Virginia 


332 


44 


* 


3 


40 


• 


13 


Wyoming 


78 


10 


• 


0 


90 


• 


0 


MadlMi i 




13% 


13% 


2% 


28% 


32% 


12% 



*Stala dcas not earlMeallon In eatsgory 

Nola: CallfornlaSO%ormof«»48laactmoartMadosnaraisaoond«y;80%orkM,9^ 
Souica: StalaDspar«nantoof Edueafcn, Gala on Puble Schools. FaN 1989 
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Tabl« 8-5 

STATE CERTIFICArON REQUIREMENTS FOR SECONDARY SCIENCE 

AND MATHEMATICS TEACHERS 




STATE 
Viabima 
Alaska 

Arizona 
Arkanttt 

California 

Colorado 
Conntcticut 
Dalawart 

Oist. of Columbia 
Ronda 

G«orgia 

Hawaii 

Idaho 

iiiinoit 

Indiana 

Iowa 

Kansas 

Ktntucl<y 

Louisiana 

Mains 

Maryland 
Massachusatts 

Michigan 

Minnasota 

Mississippi 

Missoun 
Montana 
Nfbraalta 
Navada 

Naw Hampshira 

Naw Jarsay 
NawMaxico 
Naw York 
North Carolina 
Morth OakoU 

Ohio 

Oklahoma 

Oragon 

Pannsylvania 

Rhodalaland 

South Carolina 

South Dakota 

Tannaaaaa 

Taxaa 

Utah 

Vamftont 
Virginia 
Washington 
Wast Virginia 
Wlaconain 



Couraa Crtdtta by CartHleation RaM 

SCIENCE BIOLOGY 
BROAD CHEMISTRY 
MATH FIELD PHYSICS 



IS 

30 
27 
21 

60qtr 
• 

20 
24 

36 

24 
• 

30 
20 
18 
24 
36 
36 

24 

30 
30 
30 
16 



30 
24 
24 
•ft 

16 

30 
40 
21 

30 

16 
36 Qtr 
24 
•« 

16 

27 

24 
•« 

34 
24 



Taaehing 
Mathoda Raqulrad: 
^clanca/ 
Math 



Supwv. 
T aa ah ki g 
Exparianoa 
Raqulrad 



45 (Biological, Physical) 



30 

45qtr 
• 

4S 
32 
36 

24 
• 

46 

16 

36 
36 

30 



3r 
f 

4$ 

36 
* 

30 
24 



21 
60 

48 

30 

21 

4Sqtr 

46 
#« 

18 
41 

54 

30 



1C 
3»4S 
30 

20 

40qtr 
• 

20 
24 
36 

24 
• 

30 
20 

24 
36 

30 

32 

20 

30 

24 

16 
• 

24 
36 

12 

30 
40 
48 

30 
• 

12 
?^ltr 

24 

M 

18 

24 

34 
#« 

34 

12 



^^^^ w nw^m n9fwi 



l*.a>* air* SuMTMaS hsufH 



Yaa 

No 
Yaa 
Yas 

Yaa(S) 
Yaa(M) 

No 
Yaa 
Yaa 

Yaa 

• 

No 
No 
Yaa 

Yas 
Yas 

No 

Yas(S) 

Yas 

Yas 

Yas 

No 
• 

No 
Yas 

No 

No 

Yaa 

No 
Yaa(M) 

Yaa 

No 

Yaa 

No 
•* 

Yaa 

No 

No 
#« 

Yaa 

No 



4O0hra 
6 
6 

1 sam. 
6 

I5qtrnr8 

6 

5 

9wks 

Yaa 

• 

9-12 
9 
6 

6 

300 hrs 



6 
8 

10 wks 
320 hrs 
8 



12wkS 
15qtr hrs 



6 
4 

6 

6 

Yas 

5 

1 ooursa 



ERIC 



MUh; S»<0»#ninw ■ m nttm. H mm Cmm m, Count 

iiiiiiiMi Mi ■ — r""Tf'iMninni;M 
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